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CHAPTER I. 

MEANING AND SCOPE OP INDUCTION. 

1. Induction is tlie arriving at General Propositions, by 
means of Observation or Fact. 

» 

In an Induction, theie are threi^ essentials: — (1) the r^sull 
rdtifjji be a ]jro'po9ition — an aftiririation of concurrence jr non- 
concuri’enco — as opposed to a Notion: (2) |lie Propositior 
must be <jcneral, or applicable to all cases of a given Icind ; (3] 
the method must be an appeal to observation or Fact. 

(1) By Induction, we an^ive at FrofosiHons, — Atlirmatious 
of (ioincidence or non-coiiicidence of distinct properties ; we 
have to do, not with verbal, but with Real Predication. That 
‘ The boiling temperature destroys animal life, ^ is aii^ induction 
so far as being a proposition, afiirinatioS, or real preflication ; 
there are tv^o distinct facts — foiling heat, and destruction ol 
animal life — and these t\fp facts are coupled in an affirmation 
^of coincidence. 

To this essential of I|idnction, are opposed tuw wnuic 

what we arrive at is a Notion or Definition, Sometimes we 
are liable to confound the two. This happens whero we iM? 
attending too exclusively to theisecond characteristic of Indifc- 
tion— generality. In the px’ocess of defining, we generalize a 
number of individuals, so as to obtain and express their point 
cf points of community, which expressed community is a De- 
finition or. Notion ; as Heat,* Knowledge. J ustice. If sucl^ 
definftions, or expressed general notions, are absolutely limited 
to 07te indivisible fact or attribute, they are by tffat circunv- 
stance decisively contrasted with inductions, \which always join 
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at )east two facts or attributes. Thus, the, generalized notions 
of length, resistance, whiteness, heat, could not be confounded 
with inductions; thei*e is clearly absei]/) from these the con- 
joining* or coupling of distinct properties. But we have seen 
many iilstaunes wliere a definition ^e!S:pre«Eses g, plurality of 
attriGutes concjlirring in the same subject,, as in all the natural 
kjnd^— ^minerals, plants, animals-i-ai.d in various other things. 
There is no small' delicacy in placing the l>ound ary between ^ 
those geijeraVties ending in plural notions, or definitions, and 
prosier inductive generalizations. We have to ask whether or 
not the §treks is laid on the circumstance of conjunction,* 
vvhetljcr it is inrde a question — are the properties conjoined 
or not, * In definition, the conjunction is tacitly assumed ; in 
induction, it is laid open to question ; it has to be proved or 
dis])r(i\:ed. (See p. 62). 

(2) The PiArpositions established by Induction afe general. 
A single itidlviduul concurrence, as ‘ l.he wind is shaking the 
tree,’ is in its statement a proposition, but not an induction. 
On sucli indivicjual statements, wo base inductions, but one is 
not enough. It the coincidence recurs, we mark the recur- 
rence ; we are afl’ceted by the shock or Hash ot‘ identity, a veiy 
iinport^^nt step in our k?iowlcdge. If, pursuing the sugges- 
tion, we ^einark that as often as the wind is high, the trees 
are sliahen ; tliat the two things have concurred within the 
whole course of our observation ; * that the same concurrence 
has been uniform in the observation of all other persons 
whoso experience we have been informed of, — we are then 
entitled to takcL a still wider sweep, and to say, ‘every time 
that*a liigTi wind has been observed, a waving of the trees ha§ 
also lioen observed.’ " *’ ** 

Still, vitli all this nfultitude and uhiforraity of observations, 
there^is no proper Induction. What then remains? The 
answer isj,tbe extension of the concurrence from the observed 
to tlie unobserved casep — to the future which has not yet 
cwie witliin observation, to the jtvasAbfefgre observation began, 
tocthe remote where there baS|been uo.access to observe. This 
is the leiRp, the hazard of Induction, which is necessary to 
complete the process. Without this leap, our facts are 
barren ; they teach us wh^t has been, after the event ; whex:ea&, 
we want knowledge that shall Hnstruct us before tb© event, 
that shall impart what we have no means of observing. A 
complete iifduction, then, is a generalization that shall express 
what is conjoined# everywhere, anS at all times, superseding 
for ever the labour of fresh observatiQrf 
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W e thus cqntrast Induction with that specves of ‘ Induc- 
tions irSpi’operly so called,* where a general statement merely 
sums up the observed* particulars. * 

If, after observing that each one of the p^netJ shinq|5 by« the 
sun’s light, w^ afi&rm tliat ‘all the planets shinje'by the sun’s 
light,’ we make 41 gener^ proposition J;o ‘appearanc^ but it 
fall^ short of an, inductiorr ir# the full sense of the term. fTlJh 
^general statfemen4 is merely another way of ^pressing the par- 
' ticularj? ; it docs not adviaiice beyond them. JJut'^vithout sech 
an advance there is no real inference, ho march oftinformation, 
•no addition tc^ our knowledge. Induction is the instrument of 
multiplying and extending knowledge;, it Reaches us how,* 
from a lew facts observed, to affirm a great many that have 
not been ol)served. If, from the observation of the planets 
now discovered, wo make an assertion respecting all thai? have* 
yet to be* discovered, we make the leap implmd ^ri real or 
indiicfive inference. • If the assertion liad been made when 
only six planets were known, actual observation would have 
been the guarantee for those six, induction foi» the remaining 
hundred or upwards. • • I 

•So tlic proposition ‘all animals have a nervous system’ is 
an induction only wlien affirmed on the obsei;vation,of^a part 
ol‘ the animal species. If the representatives of ove^y species 
had been examined before i^ie statement was made, the pro- 
position would be proved by "observation*, and not by induction; 
tho.gcncrality would be merely a literal repetition or summary 
of the particulars. 

This kind of improper induction is assuny’d in tfio atfct^rppt, made 
first by Aristotle and repeated by others, to bring Induction under 
the syllogishi. Induction ‘is defined by Aristotle, “proving the; 
major term of the middle^ by means of*tho minor;’* -in which; 
definition, the expressions major ^ middle^ and rf^inoTj arc, used' 
relatively to their exte7i8ion, to designate respectively th& attribute 
proved, the constituted •species of which it is proved, and the 
aggregate of individuals by which the species is eonstitutedi’ 
(Mansel’s Aldrich, Kot^ Cf.J. Thus — 

X, TL Z, \minor) B {major\ 

X, y, Z, are all A {middle), 

. AH A is B. 

, This has the appearance, but only the appearance of a syllogism 
in tfie Third Figure. It is li£i>le to the criticism already made 
upon syllogisms with two singular premises. It is not a syllogisni 
at all^ in any correct sense, but a mere process of equivalence. The 
two premises can he summed in one, by verbal or gi'ammatical 
•condensation ; and whe^ that has been done,Vhe conclusion is a 
mejre repetition of part of the meaning of the combined statement. 
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A more aml)itious form of the Inductive Syllogism is given by 
Aldrich and Whatcly, whiflli trenches on Induction propeiJe 

The mngnets tlujct I have observed, together with those that I 
f have-not ohsffrved, attract iron. 

' Tl*ese magneh. are all magnets. 

' All magrujts attract iron. ' 

The njajor here obviously assumes ^he vcfy poinf to bo esfal)- 
lished, and makes the inductive leap.' l^V) formal logiciiin is entitled 
to lay down a prefnise of this nature. The y'rocesjf altogether 
trai^scends syllogism or formal logic. 

In no sense is tlio Ind?.ictive Syllogism an admissible logical 
form, 

' A truly imluct'ivc Pi'oposition may be but a narrow genera- 
lity. That ‘the*breeze always spreads the royal Hag hoisted 
at Wmdsor Castle ’ is a proper induction ; it (;overs the unseen 
a‘nd tlie future as well as the seen. The still wider induction, 

‘ the breeze s|f;eads all the flags of all nations,’ is' not more 
essentially inductive, although of more value as knowledge. 

( 3 ) An Indirctive Proposition is bused oiv the ohservathm 
bf facts. Many^ true proj)ositions, instead of being based on 
a ditbet appeal to obsorvaticti, are derived from otlicr propo- 
sitions such arc, whdi a few exceptions, the* propositions (7f 
Mathfuoatics, and many truths in all the other sciences. In 
tills view, Jnductioii is contrasted with Deduction. Induction 
is necessarily the prior source of truths ; the Deductive pro- 
positions arc obtained from Inductions. We must commence 
with observation of flict, and thence rise to Inductive gene- 
ralities, before we can proceed downwards in the way of 
deduption.j «■ 

By,tho*use of our olfserving faculties for the object world, 
and of self-consciousness for th^ mind, we not mtu-ely obtain 
our notions of things— ^stars, mouiitafhs, trees, men, pleasui’es 
— but.also discQrn the conjunctions or connexions of things. 

^ A single (f«njunctiou excites little notiqe, but an iterated con- 
junction awakens our feeling of identity ; we attend to the 
cittjumstftiice, and watch for the recuM’diiee. If, in the midst of 
fiufituation, somb one couple of' things -is found always associ- 
ated, we slate the fact to ourselves as a iiaiurah conjunction, a 
law of nature ; and the statement is an inductive proposition. 
A meteor flashing along the sky is an isolated circumstance ; 
•ye term it casual or accidental/ •The recurrence of a stream 
of meteors year after year, in the same month, is a coincidence, 
wjnch we eievate into an induction, affirming it for the future 
as well as for the jjist. 

The semblance of Induction is put on'^by certain operations 
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purely Deductive. ,Of these Inductions improperly so called, 
two foipms may be mentioned. • ^ 

First. There is accjf-tain likeness to Irfduction in the demon- 
strations of Euclid ; which are each mtfde upoA an exemplary 
tliagrarn, an(J thence e^i^nded to all similflh insta?tices* what 
is l^rmed 'parity pfmreasonmg. 

When Euclid yjroves tifaU the angles at the base o#aT> isos- 
celes triaifgle a^e equal, he proves it upon a single diagram, 
and rdfets the general p/’oposition upon the circnnistance that 
the same result would be arrived at in every otli^r case of the 
same sort. ^Fhe resemblfyice to Induction lies*iu .extending 
what is found in one instance to all other instances. Yet th® 
resemblance fails on vital pointy • 

In reality, such truths are not established by measuri^ig the 
particular diagram, and recording that measure as an observed 
fact, to b^ taken with other lacts similarly observed, in mak- 
ing up a general rule» *as if we wore, by means of sfti induction 
from the pyramids, to lay down a general lavA of pyramid ical 
structure. The only use made of the figur^ is to provide a 
concrete reference in. applying the yeneral language the 
demonstration.* One triangle is as good as another fSr the 
purpose. We expressly omit from the reasoning all i^lerenco 
to tlie size of the triangle, to its material, tf) the Size of the 
angle included by the twy equal sides ; consequently, our 
proof is independent of any one of tlii^se elements, and holds 
under all variations of each. The demonstration is to the 
effect that, quoad isosceles triangle, the affirmation is true ; it 
is a perfectly general truth. The expression* ‘ tlie same 
*1)6 proved of any otliei; isosceles triangle,’ would t)* idl8 and 
superfluous; the ffict is already proved of every such truxrigle. 

Secondly. The term induction has been improperly applied 
to discoveries of identlju:ation to establish a 'oiinor — a purely 
deductive operation. ^ * 

When Kepler, after comparing a great many positions of 
Mars, came to the qpncUision that all these places l^iy in,€in 
ellipse of certain dimpnsions,*he made an advance from •the 
known to the.unlfnowri, which is one criterion of»induction. 
AVithout any farther observations, it was possible to assign 
»the place of the planet at any moment of time throughout 
the entire circuit. Yet, Aojwithstanding this remarkable 
peojiliarily, the case is not an induction. It is, in fact, 
deduction. We might term it a discovery of idemtifi cation to 
establish a minor. * * 

^ Supposing that, in ihe time of Kepler, tne geometrical pro- 
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positions of the ellipse had been still undiscovered, he could 
not have established his law, nor applied it to fill in tho inter- 
mediate places of the planet. What he veally discovered was 
an ideriiity between tile series of observed positions of Mars 
and fhe path of an ellipse with the si:|.Trin the fojjus. It was 
by the* help of the known properties of the oJlipse that he made 
tys identity. The identity once (^stkblished, any or all of the 
propositions of th« ellipse could be appliech to the orbit of 
Mars, and by Jhcse the orbit could be as it were drawn, so as 
to show the .successive ]:)ositions of Mars as he described his 
circuit. There could have been no inference from places 
observed, to placf^s unobserved, except through the application 
of those* laws respecting tha ellipse, whicli ha*’ been dis- 
covered by the Greek geometers. The propositioiif of the 
ellipse, supplied the major premise of the reasoning. Kepler^s 
observations si?pplied the minor premise ; they showed that 
the places «of Mars coincided with the ]>laces in an ellipse*, 
whereupon whsd^^^ver was true of the ellipse was true of the 
erbit of Mars. 

p Similar instances of discov^eries of Deduction could be cited. 
Wheif after the inductive establishment of the laws cf 
magnet^m upon Iron, other substances were discovered^ to 
be magnetic as ^’Nickel, Cobalt, Manganese, Chromium, &c., 
the magnetic laws were forthwitlu transferred deductively to 
these bodies. Frankliu^s great discovery of the identity of 
lightning and electricity, enabled all the previously ascertained 
facts regarding electi’icity to be applied to the atmospheric 
charge. • 

In^contrast to the law of the elliptic orbits, we may quote 
KepleVs third law — the relatioiS of the periodic tiVnes to the 
mean distances, an ind*action in the |Woper sense of the word. 
There is still a mathematical element present, but that element 
^is not*the fgaj or proposition, to which Kepler supplied a minor. 
The numerical ratio merely expresses the point of concurrence 
of»ihe particulars observed, it being* the nature of that con- 
* cuiwence to be numerical. Th% basis of the induction was the 
agreement*of the six planets in the numerical vatio ; and the 
induction was brought out in its real character, when new 
planets were discovered and the law applied to them at once, 
|ind before there was time to obstjrve the fact in eachdndivi- 
dhal case. 

Of a similar nature to Kepler’s third law ‘s the law of^he 
refraction of light, a proper induction set in mathematical lan- 
guage. From a number of positions ,o^ the incident and re- 
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fracted rays Qf*lig}it in various substances, Snell found that 
the relation of the two could be Expressed Tby^a definite 
numerical proportion ^of the sines of the Angles, the proportion 
being constant for the same transpareift meditim. fie, had 
(Observed the jelati^n iif ^number of cases,* and liA inductively 
afflrTned it in all., • ’ 

In like manner the estfAliahment of tiie law of grt^vritation 

►was an indfiction%numerical]y expressed. » 

• 

2. The sole method*of attaining ^Inductive ^ruflis boing 
^the observation and the comparison of particulars, the sole 
evidence for Such truths iS Universal Agreejnent. “ 

A permanent or uniform conciirrence can be established, in 
the last resort, only by the observation of its uniformity.^ That 
unsuj^ported bodies fall to the ground, is a conjunctiop. sug- 
gested bjT the observation of mankind, and jiroved by the 
unanimity of all ol)S(irfers in all times and placesf •What is 
found true, whei^ver we have been able to cairy our observa- 
tions, is to be accepted as universally ti*uc, un^il exceptions are* 
discovered. This is to apply the Universal Postulate^ the 
}»*iinary assurajiiioii at the root of all knowledge beyonfl the 
present — that what has never been contradicted (after si^fficient 
search) is to be received as true. * * 

Through this method aloae — of Universal Agreement in de- 
tail — can our most general and fundamental truths be dis- 
covered and proved. It is the only proper Inductive Meiliod, 
By it are established the Axioms of Mathematics, the Axioms 
of the Syllogism, the Law of Gravity, the Law of Causation or 
*of Conservation. Likewise on it we flepend for proof of 
all unifoinlities thht, although not ultimate, are for the time 
unresolved into higher uAifoimiities ; oi*what are termed Empi- 
rical Ijaws. 
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l^HE GEOUNI) of induotion-unifoemity of 

NATUEE-LAWS OF NATUEE. 

1. As Induqtion proper infeiss from the known to the 
unknown ; it af^sunies that, under certain circumstances 
(to be specified), what has been will be. The same tiling 
is otherwise expressed by affirming that Nature is Uni- 
form ; that tt'*ere are Laws of Nature. 

This great foundation of all possible^ inference is stated in 
^niany forms of 'language. ‘ Nature repeats itself,' ‘ the future 
will ^resemble the past,' ‘ the absent is like the present,' ‘ the 
Universe is governed by La’Vvs.' In one great department, it 
is named Causation, or the Law of Cause and Effect. 

The* pvincipl<}i is put in another light by the remark of Mr. 
Mill that the Uniformity of Nature is the ulUrnate major premise 
of every inductive inference. To prove that the present 
generation of men will die, we'inay construct a syllogism 
thus : — major — what has been in the past will coiiti>me 
(under given circumstances) ; minor — men have died in the 
past; comludon — men will continue to die. 

Nature is not uniform in all things. One day agrees with 
another in part, and differs in part. Human '’beings are 
born w'ith a certain amount of uniformity, and also with 
a certain am on at of difference. The law of uniformity, there- 
fore, iieeds to be limited and qujilified.. 

<•-2. The course of the world is, not a Uniformity, but 
Ihiiformities. • 'Inhere are departments of iiniforniity, which 
are radically distinct. 

The most pointed illustration of this statement is the 
Classification of the Sciences. Although, in early, ages, nien's 
.minds were strongly prepossessed with a supposed Unity of 
Nature, now recognize a plurality of distinct kinds of 
phenomena, each kind having its own separate principles or 
laws. Thus, the tfacts and principles of Number are studied 
apart from the facts and principles of tife. 
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The please ‘ Laws^f Nature * may be understopd to imply 
(1) that Nature is uniform, and (2) that this uniformity is a 
plurality and not a nni^y. There are separate departments, 
•each with its own uniformities or laws. ^hat unsupported 
bodies fall to tlie grf)und, iihat fire is quenched by water, that 
men pursue plQjisuBe-^-are s^id to be lawsi^f nature ; th^ are, 
however, generically difierent 4aws, and are distributed under 
ijistinct branches <fr departments of Science dr Knowledge. 

The word ‘ Law * is a metaphor taken from Imiftan society, 
^where it supposes the relationship nam6d authority; and obedi- 
ence. Seeing that in all welVconstituted societies, the*decrees 
emanating from the sovereign authority are alik^d binding upon 
all citizens, in all times and places, 4hey have tlie characteristic 
of uniJ'ormUy ; and it is on this characteristic alone, that ‘ ’<iw ’ 
can be employed to signify the order of the natural world. 
The full definition of a lay is inapplicable to physieftl sjquences. 
The likeness fails in thS essential point. In human authority, 
a certain beneficial result is aimed at by rules fef conduct on 
the part of the subjects of the state ; which condact is enforced 
by a penalty or punishmt)nt ; and Uie penalty is directed ’^ith 
preciisiori upon tlfe wrong doer. In the order of the yorld, 
on the contrary, a man conforming to the pby.^cal sc^qraences 
is safe, whatever be the extent of his violations of ruDral law. 
Niglit exposure may be in ore* injurious to the policeinau than 
to the thief; immunity is purchased not by virtuous conduct 
as r«gards others, but by prudential care as regards self. 

3. The term ‘ Law of Nature ’ is sornetiipes used in a 
iRore restricted sense, to express the highest geifGi’alitles, 
or ultirnate*uniforiilities of nature. 

There being a constant **vish to discover, not merely laws 
that shall be true, but laws of the highest and n#ost comrnfind- 
ing generality, such laws are more emphatically termed 
‘ The Laws of Nature ’ — ;^the most centralized and all- compre- 
hending expressions f)f t*he order of nature. This moi*e 
imposing character ^applars to tfelong to the law of Gravity, 
and to the principle named ‘ The Conservation of Force.* 

,4.^ As regards Logical Method, the general Uniformity 
of nature may be distributed* under tliree branches, already 
expr^sed'in the ultimate classification of Propositions — ‘ 
Co-KXiSTEr^CE f as Co-inlierence of Attributes), 0 i^.X3Sation, 
^pnd Equality. ' , 

The three great relsAignships found capdfble of embracing 
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all jprojpositions were stated to be (1) Co-existence, (2) 
Sequence, (3) Equality and Inequality (Number and Quan- 
tity). Under Co-existence was included Order in Place, and 
Co*iNHETUNCr' Attributes; the first — Order in Place, being 
resolvable in^io laws of Quantity. Under 'Sequence or Succes- 
sion was included Order in Time and Caueatton ;,the first-named 
being' also a purely numerical fjelationship. , The third rela- 
tionship, Equality and Inequality, is the baris of iMathematicL, 
tlje sciesice of Quantity and Nurnher* 

Thus the three distinct heads of scientific investigation, 
comprising all the uniformities Qr laws of nature, are Unifoii 
mities of Go-existence^ Uniformities of Succession (Causation) ^ 
Uniformities ot Ijquallty ar:d Inequality. These are the three 
casas that Induction has to deal with. 

In the actual working of Induction, we find it to be almost 
entirely absGi-bed with the second head — Causation. 

Besijles that there are very few general laws of pure Co- 
existence, Causation is singular in providing a comprehensive 
Uniformity, which may be appealed to deductively, for all 
casbs. The uniformities^ of Co-existence (independent of 
Causj^tion) can be proved only piece-rneal; .jacli stands on its 
own «vi^dence of observation in the detail ; no one assists us 
to prove another. There is thus a blankness of resources 
in regard to the proper laws of Co-existence ; their Logic is 
speedily exhausted. « ' 

The same defect, strange as it may sound, attaches to the 
uniformities of Qiuiniity — based on tlie relations of Equality 
an 4 Ine(]*ialit/. The certainty of the mathematical axioms is 
a certainty due to their easy and thorough verification one by 
one ; not to tlieir falling under any uniformity more compre- 
hensive* than thems^ves. It is Ij^ ‘ Agreement through all 
Nature ’ that*we prove that ‘ Things equal to the same thing 
Fire equal* U having found this fact ^1 ways true, never false, 
we extend it, by the Inductive hazard, to all cases whatsoever. 
IfVe repeat the operation upon the dther great axiom — ‘ The 
slims of equals are equal.* *We must proceed, in the same 
method *of detail, to all other axioms — as the dictum of the 
syllogism, the axiom a fortiori, &c. 

The extended machinery of Inductive research, constituting 
bho Logic or Method of Inducfion, is thus nearly confined to 
Causation. The greatest resources for eliminating accidental 
iccompanSments and for seizing the real concomit|inces of 
■acts — the so-caljpd ‘ Experimental Methods * — have their fuH 
ipplioation only to Cause and Effect. 



CIPAfTER III. 

USTfiXICTION JDO-EXISTIJNCE. 

’I, ut iTniiormities of .Co-existence, a very lag’ge ,iium- 
Ler may be traced to Causation. It* remains t® be seen 
'R^fietlier there any not so^traceable. * * 

The numerous Co-existences of Order in 'Pla,fe, or the. dis- 
tribution land arrangements of material objects throughout the 
Universe, are all the results of causation, starting from softie 
prior arrangements. The distribution of sea an^ land, flic 
stratification of the earljiiu crust, the existence of an«»f^mos- 
phere, the distribution of the materials of the globe gencirally, 
— are the result of natural agencies or forces, operating upon 
|)rior arrangements. Salt is found in the ocean,* because the 
\vat#jr has dissolve^ all accessible portions of it. The hea'jy 
metnls^are found in deep rocks in consequence of their weight ; 
the corrosible and combining metals occur in oombiimtmn j 
and those that are reluctant to combine, occur nearly phre, as 
Platinum and Gold. . 

There are thus no independent laws ot co-existence to be 
found ‘among uniformities of Order in Place. Wo must seek 
‘ for them, if tliere be any such, among Co-1xN1iering. Attributes. 
It is possible that attributes or properties not connected fts^cau^e 
and effect, may yet bciconjoined i«niformly through all natufe. 
If so, they are likely to be found among ihe natural kinds — 
Minerals, Plaiits, Animals. • The conjunction of body and 
minJ' in man, and iiiTlTe animals, is to all appearance »such a 
case as we are in quest of.» 

2. It is the special pedidiarity of the Natural Kinds to< 
combine many attrib^ites»iii unity of subject. ^Iii them we’ 
have the chief e'5ceniplification of co-inheriiig attributes; 
and they seem to furnish uniformities of co-existence. 

Thus Gojd unites a certain spepific gravity (19.3), crystal- 
lization* (cubical), tenacity, fusibility (melting point, 1200° C), 
colour and lustre (yellow), electrical conduction, atomit weight 
•(^6), coifibining properties (ateted on by aquq regia). These 
are eight leading attributes that concur in eveiy piece of gold ; 
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and unless we see our way to deriving some of them from 
others,^ we*^ must pronounce them essential essential or defining 
attribules of gold.* ^J'here is a co*exi,steiice, or co- inherence of 
iheke eigla facts, with others, in the object named gold. 

To appearance there is here a uniformity of co-existence, 
ifo specimen of gold is devoid of any ot the eight proper- 
ties.^ Pj operly speaking, hov^e^r, this is merely affirming an 
identical proposition. Should there occuu a specimen wanting 
^in one, two, or three of the eight, we should say not that a law 
of co-existence was infringed, but that a difiereut substance 
was p.’oduced. If these be the essential attributes of gold — fhb 
meaning or connotation of the name, then, on the failure of any 
one or more, the name wc^ild cease to be applied, the substance 
wpuld not be ranked as gold, it would be classed as a new and 
dirtinct substance. Gold with the specific gravity of 9, or 
with a silv*^ry colour, or with a liability to corrode, would not 
be g<'.'Tc;I, it would he treated as a ditrcrent material, a distinct 
groujnng oib aggregate of powers and properties. If there be 
any one of the now enumerated pi'opertics of gold that we 
could see changed and yot keep ujs* the designation gold, that 
])Voperty is declared not to be the essence, but a concorititant 
of gold. A proper inductive enquiry would hold in such a case, 

3. For a Law or Uniformity of Co-existence, properly 
so called, we must rehu* to examples, if such there be, 
where two or inore independent properties are conjoined 
through all nature, or in all substances where one ot them 
occurs. 

We* must search among the properties of kinds — mineral, 
vegetable, and animal, for some that are coupled throughout 
every, species, and under every variety of aggregation. For 
example, cqukl we find a certain crystalline form regularly 
conjoined with certain chemical characters, not in one sub- 
stance only, but in all substances possessing that crystal- 
lization, — this w'ould be a propeiH]iiwiX)r uniformity of co-exist- 
ence. There would still rtvnain ai^question, often difficult to 
settle — whether, on the one band, the two are mutually im- 
plicated properties, or, on the other hand, whether they are 
connected by cause and effect. .. ^ 

To detect such uniformities of general co-existence, among 
the essential properties of mineral bodies, whether sknple or 
compou^id, is a proper object of scientific enquiry. Nor has 
it been neglected by physical enquirers. The following rxe 
the leading examples obtained up td the present time. 

V 
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(1) A law Jaas , been , discovered connecting Atomic Weight 

and SpecSic Heat by an inverse proportion. Tor eijnal 
weights br tEe simple bodies, the atomic weight, muUiplied by 
^ inimber expressing the specific heat, giv^ a neivrly uniforip 
product. Thus, for ^ulphu^', the atomic wei^^ht (^2), multi- 
plied by the specific ^eat (0.1776), gives 5.68; •the atomic 
weighf of platBium (197), Imjltiplied by* its specific 4ierA, 
•((40824), gives 6.3^ Tho products for all tlje elements are 
ii(?ar tho (instant number 6. ^ 

(2) A law obtains between the Spgeific. Gravity of s^ubstances* 

lfi«the gaseous sta^e and the AtomLie Vyeights. Thus, the specific 
gravity of oxygen is 16, its atomic weight l^i ; hydrogen, 
specific gravity 1, atomic weighty 1 ; phosplforus, specific 
gravity 62, atomic weight 31 (the relation here is 2 to i) ; 
steam, spccitic gravity 9, atomic weight 18 (relation of 1 to.2). 
The relationsfiiip of the two numbers is thus, in somj instances, 
equality ; in other ins^ifices, the one is a multipIe*T|f the 
other. The law is one of importance in ascertawiing miornic 
weights. ^ 

AVith an exception to noticed p^jpscntly, these are perhaps 
the Mvo most widely-operating laws, as yet discovered, wherefty 
two distinct properties are conjoined throughout 8ubsta*]yLces 
generally. There are various laws of narrower #ange,,lis, for 
example, Andrews’s laws of the lieat of combination of the 
metals. 

4. A peculiar importance Delongs to tJie law ot universal 
co-existeiice uiiitiiig the two jiroperties — Jnertia and 
G Mvitv . These properties are co-existent thfbSgli tAl 
matter and pf oporticciate* in tli^ir amount, * 

Inertia, tlie defining attribute of matter,* means both resist- 
ance to movement, and force when moved. It ip totally dis- 
tinct from gravity. A body rolled on a level surface sU^ws its 
inertia ; so also do two weights equipoised, as in the beautiful 
experiments of Attwood^ *.5fuw, all inert matter gravifeites ; » 
and the force of gravitation is proportional tc» the inertia. • 
Equal weights, (w^hiclf are the estimate of gravity), are equally 
resisting to a horizontal impulse (the measure of inertia) or to 
a vijrtlpal impulse in the balanced condition. 

It cannqji be maintained that these properties are mutually 
irnplicc^ed. * We can easily suppose matter (considered as : 
inert) without the property of distant mutual attrition, or 
•gjavitatidn ; this last property may be fairly yiewed as added 
to, or superinduced upon’nner© inertia. Nor tan we call the 
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two eittier cause and effect, or effects of a copmon cause ; our 
knowledge* does not entitle us to make either supposition. Wo 
can prove cause knd effect only bv exhibiting first a cause, 
and* then an effect flowing from it.' Here the two facts 
properties are inseparable. 

There is ho other equally unamDiguQus^ instance oi a* law ot 
uiiivtrsal co-existence. The. examples a\)ofe quoted with 
reference to thi^^e properties — specific gravity in the gaseaus 
state, atonaio weight, and specific hpat — may, for anything tVe 
tnow, be .mutually implicated, or related as cause and cflect. 
If we jincJerstood more thorougjhly the ultin^te arrangemewfo 
of the atoms tof bodies, and their intestine motions, we might 
not ifnprobab^ find that ^ome one fundamental property was 
at ^/ho foundation of all the three ; — a real essence, of which 
these are but iiropria. As regards many of the minor laws, 
the existence of either implication or causation is* more than a 
mere j^tfrmise. 

Untler suah circumstances we are entitled to conclude that 
uniformities pf general co-existence are very rare. The pre- 
smnption or probability (iiltbough ijot the certainty) in every 
mfvv case of uniformity is that it is a case (V* causation and not 
of c^l-cxistence. Thus, the conjunction of Mind and Body may 
be a dp-cxisfencc independent of causation, like inertia and 
gravity ; but it may also follow the more prevailing type, and 
be a case of cause iirid effect. • Which is cause and which 
effect, or whether they are effects of a common cause, n^ay bo 
open to dispute. 

t5. only prqpf of Uniformities of Co-existence yjt 
known to depend on causation, Is upcontra^Ucted Agree- 
ment through all nature. . 

This is thQ proof of the Law of*Causation itself. Now any 
uniforiftity not coining under causation must stand on its 
own independent evidence ; and ibis evidence is uniform 
ugreejnent throughout tlie whd»ef Qompass of observation. 
We must find it true in alfc times, all places, and all circum- 
stances ; and provided our search has been s© extensive, that if 
there were any exceptions we should lightmpon them, and no 
exceptions have been found, we are entitled to declare it a law 
of all nature. • * ^ « 

The coincidence of gravity with inertia has been prowd over 
the entife globe ; it applies undoubtedly to the solar system ; 
and by very streng analogy to tlie distant stars. ’Tfiis, thei^-* 
fore, may be hd& to be an established Uniformity of cd-existence* 
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The alliance of * mijid with a bodily mechanism * extends 
through oil t the whole of animal life, past and present. 

The co-existences above mentioned regarding the properties 
of gaseous specific gravity, atomic weight; and specific iieat, 
have to be verified bjj the nipthod of Agreement throlighout all 
bodies? We caJlnot, tj^s in cause and effect, preshme froni a 
f small Aumber td airtho . rest? 

*G. Thq; special ^coincidences making up the Natural 
Kinds must also be verified by Agreement over 'Ihe wliold 
fi^ld of instances. 

We have already remarked that an except^n to a kind, 
arising from the failure of an essential property, would not be 
' the infringement of a uniformity, but the setting up of a new 
kind. The only case for proving a co-existonce would be ihe 
case of concomitant properties, or those not adopted ijjdo the 
essence or connotation ol^ the kind. Of such a charact^is the 
blackness of the crew, the whiteness of the swaA, and varia- 
tions of colour generally ; a point seldom treated as essential, 
whether in minerals, plants, or animals. Now the sole proof 
that*^ ^very crow is» black, ^ is observation through all Natpre ; 
so long as no other colour is seen, wo affirm the .general pro- 
position ; the occurrence of various albinos has msproved the 
generality, and reduced it to an* approximate generalization, of 
a very high order of probability. 


CHA^^TER IV. 

LAW 9F CAUSATION. 

1 . The Uniformitie& of •♦Succession presented in n«,ture^ 
are subject to one gr^at dniform^ty — the law of Causation.^ 

The law mgy be^ expressed thus ; — ^In every change, there i 
is ^ uniformity of connexion between the antecedents and the 
consequents. * 

No f^jngte ' expression sums up all that is implied in Cause 
and Effect. When it is said, ‘Every effect has a cause, and 
•every caitse‘an effect, and tbfkt the sequence^ is regular, the 
e£ne causes b^^ alwa^ followed by the stlme effects,’ the 
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proposition is an identical statement; the word ‘ Cause* means 
what brings about an effect; and the word ‘Effect/ what 
follows Trprn a cause. To avoid this objection, we may state 
the law as follows i — ‘ Every event that happens is definitely 
and uniformly 6oimected with some prior event, or events, 
which hap^ning, it happens ; and which ' failing, ii) fails/ 
The kindling of a lire follows regularly on the prior events of 
making a heap <of combustibles and applying a light. a 

A law i^ more sharply stated by help of its denialh. Causa- 
tion denies two things. First, it denies pure spontaneity of 
cornmencefmcnt. If the law is true, no change arises out iof 
vacuity or stplness ; there must be some prior event, change, 
or movcinent/«is a sine qua non of the occurrence of any new 
event. A fire never bursts out without some commencing 
circumstanco, in the shape of movement, change, or activity. 

I Secondly. The law denies that events follow ''one another 
irregi:i^^A'rly, indiscriminately, or capriciously. The same cir- 
cumstkinces that make a fire burst out to-day, will, if repeated, 
make it burst out to-morrow, or at any future time. The 
same pain, in the same circumstances, does not at one time 
repel, and at another, attract and allure, us. In shorty the 
law ^ is the statement oi uniformity in the Succession of events. 

2. f:i Causation, the same cause always produces the 

same effect ; but tlie converge docs not hold ; the same 
effect is not always produced" by the same cause. There 
may bo Plurality of Causes. * 

A severe Ixow on a man’s head will always cause deatj^ ; 
bi^t death is not always caused by a blow on the head. There 
are many causes of motion ; and the presence of any one in 
the proper circumstances, will always be followed by motion. 

'"^"his is ap. important limitation of the law, and has to be 
kept in‘*wiew in the investigation of causes. If a change has 
occuried, there must have been a previous change, or ante- 
**^edent fact, but not necessarily or ei* particular antecedent. 

3. The Plurality of Causes is Subject to uniformity in 
two respects : (1) the number of causey is fixed ; (2) the 
character of each is as definite as if it were the sole cauj^e. 

The causes of death may'^be numerous, but they are all 
fixed and knowabla ; and, when known, may be couzated on 
with certainty and precision. The fact of plurality renders 
" the causation o^ an event ambiguous ; there may be several • 
alternative anti^ceients. Yet, tbesc^ antecedents being, once 
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for all, e3^austively known, we are sure that on^ of them is 
the operative circumstance in the case bhfore us. 

It will bo pointed ou| afterwards that plurality of causes is 
jnore an incident of our imperfect knowledge tlAn a fact in 
the* nature of tilings* AS knowledge extends, wg find less; of 
pluralify. The ^um^r^us aj^arent causes gf motion are differ- 
ent only in superficial appearance ; they are all one at bdltohi. 

'* * % ? 

•4. Caiwiition may be viewed under three differe^it aspects. 

^ (1) The first may be called the 'practical and popular aspect' 
—a partial view suited to the ordinary emergencies Af life.* 
Under this aspect, tl)e cause is some one ci/cumstanpe or 
condition demanding our solicitifde, as being precarious. 
Thus, when the soldier, on the eve of ah engagement, is urged 
to keep his ^powder dry, this is not the whole cause of*his 
hitting the enemy ; it is Jihe circumstance that hfit{)peM to be 
in peril at the time. * f 

(2) The second ahpect is the Scientific or comf>lete view of 
Causation. Under this view, all the conditions ©r antecedent 
cii’cumstances are fully eifumerated. • , 

(8) tA third aspect is Causation viewed as embracing the 
modern generalization, entitled the Conservation Qr Cori^pl^Jbion 
of Force. 


CAUSATION PEA^TICALLY V^WED. 

5. Ill common language, the Cause of an event is some 
,pne circumstance selected from the assemblage of condi- 
tichis, as being practically the turning pdint at the ih»mefit. 

A rnan sJipS his foot on a ladSer, falls, and is killed. The 
cause of the fatality is said *4iO be the slipping ; for if this one 
circumstance had been prevented, the effect would not have 
happened. Tet, in order^to the result, many ^ther conditions 
were necessary : — the weight of the body (gravity), the height 
of the position (a certain«COTlocation), the fragility of the hwman*’ 
frame. Tet, for practica> purposes, we leave oift of sight af* 
the moment all the elements that are independent of us and 
secure, taking notidb only of what is in our power and needs our ' 
attention. By a common ellipsis, all arrangements that are 
fixed and ♦settled, are passed over in silence. We presume 
on the forces of heat and gravity, and devote our care to the 
choice tixgi shaping of the materials whereby these forces may 

* hi made to work out our ends. * 

When we speak of fooi as the cause of animal strength^ we 

• • 2 



18 


LAW OF CAUSATION. 


suppose a healthy constitufciou, able to digest apd assimi' 
late it. -But, in this particular case, mankind long erred in 
ignorantly suppressing a condition no less essential than 
food, namely, the oxygen of the atmosphere — the aerial 
element of our food.* ‘ , 

Language is adapted principally to "this mode of yiewiug 
caYisaiiion. In the distinction* or agent and thing acted on, 
which pervades^ the whole of grammar, and gives the character’ 
to the active verb, there is an arbitrary selection of one circum- 
‘stance as Oause, other equally indispensable circumstances being 
wer looked. A prize ox is reared in a breed of cattle ; fbe 
breeder is by Courtesy styled the cause or agent ; but his activity 
is only a single, although indispensable circumstance. A teacher 
insf!/ructs a pupil, and iii credited as the cause or author of the 
pupirs knowledge. A still more glaring ellipsis is practised 
in attributing the issue of a war to the commander-in-chief ; 
as wl%n we speak of the conquests’bf Alexander or CaBsar. 

* The monk that shook the world ^ is rhetolic for the agency of 
Luther. 

The first attempt at a precise analysis of Cassation was made by 
Aristjtl^. He enumerates four kinds of Cause’s. - the mater M, the 
f^nXal^ the effeient^ and the final. The material cause is literally 
the mauter used in any construction; marble or bronze is the 
material , of a. statue. The formixl cause is the form, type, or 
^tlern in the mind of the workman ; as, the idea or design con- 
ceived by the statuary. The fonnal cause of a building, is the 
architect’s plan. The efficient cause is the power acting to produce 
the work, the^ manual energy and skill of the workman, or the ^ 
m^cha^ical prime mever, whether human power, wind, water, or 
st(jam. The final cause is the end, or moti'^e on whoso account the 
work is produced the subsistence, profit, or pleasure of the 
artifiedt. 

Aristotle gives the instance of a physician curing himself, as 
combining all the four causes in one subject. 

' , * Whenever the existence or safety of rny thing depends upon a sum or 

r<y stein oi contrivances adapted to a comnioh end— which, together, are 
conditions necessary for its preservation —then t^e destruction, disturbance, 
or removal of one of these contrivances— the failure of any part of this 
composite system of safeguards — ^is considered as the cayse of the ruin of 
the whole. For example, if the action of any one of the functions or organs 
necessary to human life is stopped^^life is extinguished, and the^'circum. 
stance producing that effect is said to be the cause of death.*' So, if a shif 
springs a leak and sinks, or if an army is surprised through the rAsenco of ' 

^ a sontinel Sfrbm his post- the springinj? of the leak, and the absence of the 
sentinel, is said to {)e the cause of the loss of the ship and thd surprise of* 
the army. The language by which such av effect is commonly ascribed to 
a merely negative cause is elliptical. (G^. C. Lkwis). 
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This anillysis is* obvi<5usly taken from human indi^try, which 
contains the several circumstances mentioned.^ It throw^no light 
upon causation in the 0 |der of nature; while the attempts to 
-express natural phenomena according to sucfi a schefhe, have Iqd 
to distortions anj^ unimeaniftg^ conceptions, * • 

The first and second* causes give the celebrated flifttinction* of 
Mattef and Forfti, wnich per\<ldes the whole* of Aristotle’s philp- 
. s(jj;)hy. The third,* the Efficient, Jbas continued ii^ the language of 
8#ience ; a. better dolignation for the meaning is Prime Mover, or 
Moving Power. The fourth, the Final cause, is moife perspiciv* 
pusly expressed by Motive, End, Intention, Purpose? Object or* 
l/osign ; it appliows to natui*e only personified, or as the work oL. 
a personality. 

SCIENTIFIC CAUSATION. 

6. In scientific investigations, the Cause must be regar/led 
as the entire aggregate of conditions or circuiustances re- 
quisite to the effect, ^ ^ 

All the conditions suppressed by the practical man are 
brought back by the scientific man in a full staliement of the 
cau^e. If any ar^ omitted, it is because they are so obvitus 
that fto person could overlook them. There is a legitimate 
ellipsis of expression, even in the scientific enum»ration»of*con- 
-ditions. , '* 

The cause of the ipundatioiis of the Nilf would be described 
as (1) the fall of moisture as snow on the lofty mountains of 
Africa where the Nile has its source ; (2) the melting of this 
>^ow by the summer heat. G-ravity, the laws o^ heat, the con- 
^tution of water, are all a part of the ca^use, and if Ii^t men- 
tioned, are supposed* to te fully present to the mind of 1;he 
he.arer. 

The growth pf plants i^ a complicated causation. There 
must concur, the properties of the germ, the codlact ^yith *the 
soil, air, water, saline bodies in the soil, heat, light, &c. 
The agriculturist thinks cmly of a select number of these — tb^j 
seed, the quality of the*s 5 il, moisjure, and heat the vegetable 
physiologist brii\gs ifito view the physical, chemical, and vital 
agencies, which ai^ the causes of the phenomenon in the final 
analysis. 

The caijjse of vision is summarily given as light entering the 
lenses^of tUe" eye. I’he full enumeration of the circumstances 
would. include the optical action of the lenses, the ^lysiology 
if the cbats of the eye, and of the nerves and brain ; and^ 
inally, the link associating a certain activity nf the brain witif 
a feeling in the mind. 
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LAW or CAUSATION. 


The caus^ of the Reformation was Luther’s j5reachitig against 
the sale of indulgeiMjes, concurring with the administration of 
the church, -and the state of men’s miMs at the time. 

*In speaking OS' antecedents of the French Revolution, it is 
customary t(> use the plural — Causes ; signifying that p union 
of^m^y circumstances or conditr'ons wa^ iriTolved. In the 
enumeration of ,A.lison, no less than sixteen causes are given. 

Gibbon attributes the rapid growth of Christianity to one 
primary cause, namely, the convinciifg evidence of the doctrine, 
and of theiruling providence of its author ; and to five aiding 
"Secondary causes, * which assisted in producing the effect, viz. : 
1, theinflexibfe zeal of the early Christians; 2, the doctrine 
of a future life, as held by the Christian Church ; 3, the mira- 
cul6us powers ascribed to the primitive church ; 4, the pure 
and* austere morals of the Christians; 5, the union and 
disci plisio of the Christian republic.* *- 

TheP conditions of phenomena include negative as well as 
positive circumstances; the absence of hindrances to the 
operation of the agents concerned. The sun is the cause of 
vision, provided he is not screened, provide^ the subject is. not 
asleep or blind. It is usual to suppress tlie mention 'of all 
suchmkidrances, if they are really absent. 

7. The suppressing of essential conditions is a common 
fallacy of Causatioif. 

When, in the statement of a cause, there is not merely an 
ellipsis of understood circumstances, but an omission of soine 
esbentiai fact, the consequence is pqsitive error. ^ 

When the healthy effect cpf residence at a medicinal spa is 
attributed exclusively to tbe operrtion of tbe waters, there is 
a fallacy of causation ; tbe whole circumstances and situation 
being tbp cause. 

This is a common form of Inductive fallacy, and prevails in 
t(ill the complicated sciences, as Politics and Medicine. 

^ OAUSATIOi^ AS CONSERVATION OF FpROB OR ENERaV. 

8. A great advance, in the mode of viewing Causation, 
is made by the modern discovery of the law named ‘ Oar- 
relation of Force/ or * Conservation of Energy.' , 

The gmat generalization of recent times, variously designated 
® the Conservation, Persistence/ Correlation, Convertibility, < 
EquivalenGe^^wlestructibility of JSf7iea^y,is the highest expres- 
sion of Oatise and Bffec;fc. In everv instance of causation, there 
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is a j)attiQg forth of force in given circumstances, and the law 
in question states exactly what becomes of the force, and is 
often the sufficing ex^anation of the special phe,nomena, as 
well as the ernbodimenx of nature’s unifoAnity successions. 

* Sta^ement^ of tJle Law of Consermtio^. * 

9.*rorce, Snergy, Mo'Ang Power, or Work Po\ser,^ lo 
Embodied ill various forms, all mutually uonvertible at a 
Sefiiiite'Vfixed) rate. The extinction of energy ifx one form j 
is accompanied by the creation of ei>ergy in anqther forul ; j 
in the trails limitation wo7^kiis said to be done, afid ito forcjg 
is absolutely lost. . f 

(1) Matter in motion is Force manifested as actual, apparent, 
or kinetic energy; but the modes Of motion may be yery 
various. We are most familiar with that of mechanical 
energy, as in the case o^a flying-ball, a water stfearu. or the 
wind. There is, however, reason to believe that thf forces 
named hej^j;, lighl, and electricity, consist in minute move- 
ments of material particles. •• 

fatter in position coA’esponds a possible prpduotior? of 
power ; or the ciJnfiguration of a material system corresgoRds, 
in virtue of the mutual action of its parts, to a definite^ ar^ount 
of possible or potential e^ienjy, A head of water represents a 
certain amount of moving power by its very posiiion. This 
energy may not be evoked, and may dkist for ever only as 
potential. Yet it is as really existing as when it is employed 
bo turn a wheel. 

^ (2) The different forms of energy may, under certain ^ar- 
^angements^ be traqsmifted one into th*e other. Mt^haqioal 
brce may pass into heat, ^and neat into mechanical force : an 
mergy of motion may be exchanged for an energy of position 
ind conversly. The rate of exchange is invariable. , 

(3) In the interchange of energies nothing is lost. •’•In every 
jase where eriergy disappears by resistance, and is seemingly 
ost, a definite equivalent ^f /iea< is generated. »* 

If we suppose a jpoifion of the universe isolated so thattt 
leither gives nor receives energy from without, then the 
)rinciple of the Conservation of Energy asserts that the sum 
if the kinetic and potential en^gies within this material system 
s const&t and unalterable. The actions and reactions of its 
)art^ can only vary the relative proportions of kinetic and * 
lotential energies, but not their amount. ^ ^ 

^ Of these three circui^tances the first, matter in motion or in 
position, is the definition* or generalisation of force or energy; 
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the secoiid, transmutation of one form of power into another ; 
and the ^thFrd, conservation of tho sum of the energies of 
motion and. positiod of any self-contained system, under all 
changes, areT the prdperties or predicate, constituting the Law 
of Correlation or xhe Conservation of^Enersrv* 

10/ III explaining the pi:m2iple of Ooliservation as 
applied to the different forms of actual eneigy, we may 
niiik them in two divisions, Moiar and MoleCular,— 
Inotion in jnass and niotiori in molecule, 

Tlie - Molar Forces are tho same as - those termed 
Meclwiieal. v 

Tiie molar or mechani-cal forces are the motions of sensible 
masses, as a hammer, a waterfall, a locomotive, a planet. The 
science fif Mechanics, or Molar Physics, is occupied with the 
compu{ation of these forces, in their 'Lansfer and re-distribu- 
tion under all varieties of circumstances. 

The Persistence or Conservation of Force was first distinctly 
conceived with reference to these palpable motions. Newt on*a 
First Law of Motion expresses the fact ths t a mass once ‘m 
motiah will, if unobstructed, always continue in motion alb the 
same rate ; which is the same as saying that force never 
decays. In free space, beyond the reach of molestation from 
without, a moving body would preserve its motion for ever. 
This is the simplest aspect of Conservation. 

A moving body encountering a second body, whether at rest 
or already in nlotion— (1) if we suppose both bodies to be peiv 
fectJy elastic— impart^ its own motion, in whole or in parti ta 
the body struck. This is a new situationl’ Ther^ is a loss of 
power on one side, ahd a gain on the other ; a redistribution 
of tjie movements of the two masses. Now, in this state of 
things, fke Law of Conservation declares that in the inter* 
change nothing is wasted ; whatever ?he striking body loses,, 
the struck body gains. *' 

^ If the two masses are eqml, thei»3 will be simply an in- 
terchange of velocities, and of momenta ; and if they are not 
equal, still the impact will not alter either the total momentum ^ 
or the moving energy of the whole. i 

(2) When the bodies are inelastic, then the visible energy 
will disappear in whole or in part. [ If a conteinporc-ry of 
IS'ewton had been asked what becomes of the force of cannon 
shot arrested by dead wall, he would probably have ahswere4:> 
that an infinitesimallv small movemjetft was imparted to the 
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mass of rock and'its contigaous material. This would have 
been regarded as a consistent following out of tl>e theory of 
conservation in communicated momentnnn The losli energy 
of the quick- moving llall would exist aa energj»'in aJiuge 
mass very slowly ii^)vinf ^ j * * 

Had the fariSoer question been asked —what bdbomes of*the 
force *of two deposing nio^ljrnenta destroying one another — 
hlie above amswe’r^ would not have served the purpose, i^o 
ihotion is created in any form ; there is nothing to appearance 
but sheer waste on both sides. , * ^ 

^ • The new difficulty would in all likelihood have been me t by 
a very plausible assurnptiom.* It might have been said tlmt"* 
the conservation of force was to be interpreted as force operat- 
ing m ihe same direction ; all forces ip the opposite direction 
being held as negative quantities, like debt to credit. It vvftuld , 
be a sufficient account of any force that it had ii^utralizeli an 
equal and opposing motive force; as when a paymf^t of a 
hundred pounds to any one's credit extinguisj^es a hundred 
pounds of debt. 

Yet this explanation^ is fallacious as a principle, ami i“ 
opposition to the* facts of the case. Two bodies moving in 
opposing directions are not to be compared to positive and 
negative; each has a positive value, for any purpose wvl?atso- 
ever. Two streams running in opposite direction^, are as 
good for mill-power as tw4> streams pioving in the same 
dire;jtion. Easy mechanical contrivances can, without loss, 
divert a- moving power into any direction. The two opposing 
forces that by collision extinguish one anoth^jr, could by a 
suitable arrangement, upite their power in the sanfe* couf'se. 
The destruofcion, thc^’efore, tha^ ensues in a hostile colli^on, 
is (on the present assumption) pure desitruction, unredeemed 
waste, annihilation. It is ‘at variance with the Law of Con- 
servation, which would have to be restricted add qu|ilifiel3 to 
moving bodies always fftllowing the same course.^ 

The principle of Conservation has been rescued from thi# 
[)erplexity by the discoveries qf recent time%. If two in- 
elastic bodies eiwsouftter and arrest one another’s movements, 
the mechanical or^olar energy is indeed sunk ; but re -appears , 
in an equivalent energy communicated to the molecules, and y 
manifest^4 BiS The molecular motion excited in the 

encoiiiterihg masses is exactly equal to the molar energy » 
consumed. This is an entirely new view of Epree ; and 
^ves fhe* principle of Conservation, hj giving it aif 
enlarged scope. It teaches us to take account of all the 
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protean' transformations of energy, and p^’events us from 
rashly declaring that force is destroyed when it has ceased to 
appear in the original shape. Mechp-nical force in some oir- 
> cuinstances^twell uilderstood, yields mijchanical force ; in other, 
r ci’rciirastaitces, fc^r example, hostile. Collision, it yields a mule- 
cufar force, iiamoly, Heat. 

,Go:ng back upon the first qyiery propounded to a contem- 
porary of Newton, — the account to be given of a balfs 
impinging on a dead rook, — we should now answer "the que^- 
fion not by mechanical, transference — a slow motion imparted 
to the rock — but by molecular trails forma tioq,. The ball and- 
*'"the place whe^e it struck would' both be found to rise in tem- 
perature, and the*m:)re as the moving force of the ball was 
greater. All the energy would be accounted for in this way. 
lu Svery case of collision, and even of impact without opposi- 
tion, sometjiing is lost by conversion into heat. The loss of 
power ^y/r^6•^lOI^ is a generation of heat. 

, 11. The Molecular Forces maybe provisionally enu- 

i merated as follows : — (1) Heat, (2) Chemical Force, (3) 
Electricity, (4) Nerve Force, (5) Light. 

T|^is enumeration is to be held as provisional ; it may not 
include^all the species ; and it may represent, as distinct kinds, 
what are only slight modifications of one kind. 

(1) Heat — Probably the best example for showing the mole- 
cular forces, in their contrast to the molar, or mechanical, is 
Heat. Our experience of this inflnence is abundant and 
various. Yet^ only of late years have we been led to call it^^ 
fofm of’ moving m?,tter, a species, of molecular motion or 
vibration, which bursts forth cn the shock that extinguishes a 
mechanical impetus. 

Such shocks of mechanical collision are the usual mode 
of ‘'transmuting mechanical energy into heat. Friction is 
only a more gradual and protracted collision. A familiar 
illustration is seen in hammering piece of cold iron till it 
pecomes red Viot. The higl^ temper/iture of the sun is hypo- 
fchetically accounted for by collisions of enbrmous swift-moving 
masses, brought together by gi’avity. * 

Such is the situation for converting mechanical motion 
into Heat. The transmutation of heat into Mechanical 
force, is effected through the expansion of bulk caueed by 
raising the temperature of bodies. In solids, and in liquids, 
^'this expansion is small in rang^, but great in fot*ce ; and 
adapted only to t,pecial oases, as the splitting of rocks, where 
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there is need for a gr^at power moving only a very little way. 
Through*the medium of gases, the expansion can be converted 
into mechanical energy, in any form we? please, a§ in the 
diversified performance of steam power. ♦ j 

•In generating n^chanical power by hea»?, as in» the steam 
engine, the soQrce o^ hea? must be of a higher temperature 
than •the medium; *the firejfmjist be hotter than the wa^r ^nd 
tjie steam. .The* power is given forth by the descent of the 
heating body to a lower temperature. Between bc^dies equally 
hot, there is no developrneiit of mechapical powei\ no forcilfl^ 
►expansion of ai^ one body. • ^ ^ 

There is a peculiar incontinence attachii^ to the Seat 
force. We usually find that sonie body possesses it in such 
superior degree as leads to radiation .upon other bodies, with 
loss to the radiating body. This is the moment for obtaining 
a meclxanioal or other equivalent. It is also tl^ moment of 
dissipation of energy wiUiiout equivalent, if the oppofiainity is 
not turned to account. The solar heat falling pn the planets 
gives . an equivalent in raising their temperature, and in pro- 
ducing other forces ; w^at is not intercepted is at once dissi- 
pated into empty ^pace, without farther result than to elevate 
by a*slight addition the general temperature of space; 'p* real 
but unavailable equivalent of the heat lost to the sunf 

It is as regards Heat that the rate of exchange with 
mechanical force has been sesiitled w’ith tiie highest numerical 
precision. The assumed unit of mechanical energy is the 
foot-pound of England (and the metre-kilogramme of the 
^ Continent), meaning the force expended in rai^ng one pound 
weight one foot. The^ unit of heat» is defined » as •the 
amount thal) must <|)asa to orae pound of water in order to 
raise its temperature (or sensible heat motion) by one 
degree of the thermometer. The rate of exchange or 
■equivalence is 772 foot-pounds to one porfnd of water 
raised 1® Fahrenheit ; Or 1390 foot-pounds to V Centigrade. 
In the Continental scale of weights and measures, tV 
expression is 425 mefr^-lcilograinraes to one kilogramme <if 
water raised 1° Gbntigrade. By a perfect machinery of 
conversion of he^-t into mechanical powder, the heat requisite 
to boil a gallon (ten pounds) of freezing water would lift 
1389*60p pounds one foot. » 

' (2]^ uKefnical Force, — Energy,’ in a form adapted to separate 
chemjcal compounds, and as it appears when bodies combine 
chemicailly, is chemical force/When water is decomposed into its* 
Elements — oxvGren and bvdrocren — a certain amount of force is 
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absorbed^or used up in order to bring about the decomposi- 
tion ; and the same force reappears when the elements are 
re-combihed. '■ 

Tins chemical foi^ce is a very slighC modification of Heat* 
in the case of combination, the force ^evolved appears as hefit 
in its commoSi form. Indeed, our artificial htat of combus- 
tion, isr^the chemical force liberatedo- in the cheifeiical combina- 
tion of oxygen and carbon (supposing coal dr. cluircoal to b^ 
the fuel). |3y peculiar arrangements, this force oi‘ corubinatior 
naky be prevented from appearing ek sensible heat, and may 
take other <ornis ; it may decompose other compounds (as ii^ 
The double decomposition of salts) ; or it may pass into elec- 
tricity •or into magnetism. 

Again, Heat may operate as a dGComposing agent. Many 
'Compounds are decompo.'^ed at once by the application of 
heat, as the pxides of the noble metals. A lamiliar ex miple is 
the decomposition of chalk or carb^/^^te of lime, in a lime 
kiln ; the heat, drives off the carbonic acid, and what remains 
is burnt lime. Other compounds are decomposed by heat, 
when there is an arrangement for combining one of the de- 
conlposed elements with a third substance ; ^as when water is 
decoi^p.osed in a red-hot iron tube, the oxygen combining svith 
the iroiii; 

Til at heat, the result of combination, should be the means 
of decomposition, isj:he propel^ the natural consequence of 
the Law of Conservation, Whatever is given out when ele- 
ments combine, must be restored when they separate again. 
This is the exaot relationship of heat to chemical action, which 
is disguised and apparently reversed by the familiar employ- 
ment of heat io mal'e bodies combine^ as in., lighting a 
fire. The applicatioi. of beat in such a case, however, is a 
mere incident; it seems to operate by disturVjing the quies- 
cence of 4he elements. It no more renders heat a combining 
power, than the pailful of water threwn into a pump before 
primping is the cause of the subsequent flow. 
oThe rate of <corn mutation of Heat %ud Chemical Force, has 
to be given in tlie detail, inasmuch as diffe^*ent compounds 
give forth dilferent quantities. I quote. a§ examples a few 
oxygen compounds. One pound of hydrogen burnt (that is, 
combined with oxygen) would elevate, by V* C., about ihirty- 
four thousand pounds of water. This is the most heating of 
all oxygenwjombinations ; we have long been familiar wiph the 
intense beat of ^the oxy-hydrogen blow-pipe. Of simple 
bodies burn|, or *fcombined with oxygen, the next in rank, lA' 
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carbon^ the chief 'ingijedient of ordinary combustion, land also* 
of anirnaf combustion. The figure for carbon is ll^ss than one 
fourth the figure for hydrogen ; a pouild of carbon burnt 
^elevates, by 1° 0., about eight thousand poundls of water. 
Phosphorus ranks pext'ajnong the simple' bodies examined 
(d 74 7* pounds/; thet^ sulphur (2307) ; the metjfls, zinc, iron, 
and t!n, are ndfirlj equal (zfhc, ]301, iron, 1576, tin, 1233)* 
t (3) EUctTkity variety of molecular force is distin- 
guished by two main peculiarities. The first is or tin* 
development of opposite forces at opposite points ; J:he magnet 
•i« the most fanyliar example of the power, operating in jn^sw^s 
of matter. The second is named conduction, ^d means tlie 
rapid transmission of the force fiyim one pare of a body to 
another, along a wire, for example ; a process of conveyance 
quite difierent from any of the modes of the transmission of 
heat. An Electrical charge passes almost instantaneously, and 
with little diminution c€ Torce, through miles of copper wire. 

The name ‘ Ele<«tricity * now includes various phenomena 
marked by characters widely different. Three types or species 
may be indicated — Magijetism, Frjptiou or Franklinic Ekjc- 
trirhtj’’, and Volvic Electricity : all these have a mi?lar 
as well as a purely molecular side ; the last is in 'Jplose 
relation to chemical force. Magnetism, as a lAembei* of the 
group of Correlated Forces, under the Law of Conservation, 
is best studied in the form ceJled ElectrOf magnetism, or mag- 
netism generated from electricity ; for, while the magnetism, 
which is a mechanical attraction, can be estimated by its 
vinechanical effects, the electricity can be estimated chemically 
by the amount of acid ayd zinc combintd in the cellj of the 
battery. Fristion Electricity, in Mie common electrical machine, 
is generated by inechanictil force (sometimes by heat, as in 
crystals); its discharge, bein^ marked by vehemence, concentra- 
tion, or intensity, is not measurable with accuracy ; t^je effects 
are seen in the rupture o^ atomic cohesions, in strong outbursts 
of heat and light, and other indications of concentrated forcjc^i 
Voltaic Electricity is t^e"* specials most closely alliecJ with 
Chemical Force which force is its source, its measure, and 
one of its results,. Through chemical force, as measured by 
t^p amount of material chemically combined in the voltaic 
cells, we can state the rate of exchange or commutation of 
Volta^ Ele6tricity with Mechanical force, and with Heat. 

« ® 

These^tbree modes of Fotce — Heat, Chemical force. Elec-’ 
fricity — are the well-defined species of m Secular activity; 
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they caE^all be measured and put into strict equivalence with 
Mechanical ‘^Energy. There still remain, howevei', Light, 
and any m^des of Activity in living bodies, distinct from, and 
superadded *co the forces of the inorganic world ; the Nerve 
Force is one well-marked example. From the close analogies 
between this 'lastmamed force and Electricity, '%e may take it 
next ill order. ^ 

(4) Nerve Force , — The Nerve Force is the Special activity pf 
the nerves J?nd brain. Like Electricity, it is a current force. It 
differs from Electricity in moving at a comparatively slow rate ; 

al§o in depending for its maintenance upon chemical cqrp- <. 
binations in th^ material of the nerves ; hence, while electricity 
decreases as it goes, the nerve force increases. Although this 
force cannot be subjected to accurate measurement, we con- 
' cluae from analogy that there is an exact equivalence between 
it and the chemical transformations that are its source ; part 
of the food of the body is expended supplying it. It con- 
tributes to mrascular power, in which case it has a mechanical 
equivalent; and to molecular changes, chemical or other, also 
on'^a definite rate. As tlie physical concomitant of mental 
sta'oes, we must still regard it as definitely (•elated in quantity 
to tljjese ; a double amount of feeling, other things beinj)’ the 
same, i^volvels a double amount of nervous transformation. 

(5 j IdgJit . — The divorcing of Light from Heat, in the enu- 
meration of the molecular forces,.need8 to be explicitly justified. 
The divorce is at best provisional and temporary ; the reasons 
are such as the following. Although Light is a distinct jjMuct 
of the other forces, more especially Heat, and is instrumentj^ 
in \auskig at least one of them. Chemical force, yet hitherto 
nothing has been done towards establishing the rate of com- 
mutation or exchange between itp and the others. When a 
body is heated till it becomes luihinous, there ought to be a 
definite® Joss of heat, equivalent, on a certain scale, to the 
light produced ; at present, howevet*, we have made no ap- 
"jBroaclj to such an estimate. Jkjlorepver, although light is 
the instigatoi’iof chemical change, we cannot say that it oper- 
ates by supplying chemical power, as beat or as electricity 
does ; the effect may be similar to the action of heat in lighting 
a fire, a mere disturbance sufficing to begin the chemical 
union of elements ready to cpxabine. Chlorine and, hydrogen, 
mixed together, will not combine chemically in the da\;;k ; the 
combinai^ begins under the light. It is to be remarked, 
however, t|at decomposition is tbd direct test of chemical force. ^ 
Kow, light iwill dot cause decompositran unless in the presence 
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of a body, like* hydrogen or chlorine, having , a powerful 
tendency to combine ; or, when, as in wegetation,^ light is 
accompanied by heat. |We are, therefore,, led to I'egard light 
chiefly as the ‘prompter to change otherwise maintained. And 
in this^view theie is # jinmefical proportion bei^ween the amcmnt 
of lig£t and the exteftit of ^he chemical action ; as shgwn in 
the researches o^jpnnsen and Roscoe (PhiL Trans., 1867). ^ 

• • 

When mechanical force operates against gravitV, as whon 
^a^projectile is thrown upwards, the force is at last’^pent ; the 
equivalent gaiiifed is a posUmn of advantage, with respeci' tb 
gravity ; for, by the continued operation of «ie gravitating 
energy, the whole of the impetus lost will be restored in the 
downward direction (the resistance o*f the air being Ieft*out 
of the accoj^nt). We are familiar with this employment of 
gravity in clocks propel]'^ by weights regularly wound up to 
a height. To this peculiar situation. Prof. Pankine has 
Applied the name* ^ potential energy,’ to distinguish it from 
the energy of a mass in actual motion. The placing asunder 
of the celestial bodies, al> which gri!vitate towards each ot^er, 
wa8 the priraeva? situation of advantage, whence may^have 
arisen (by collisions) the heat of our suns and pfanets,, and by 
consequence all the other modes of force — mechanical, chemi- 
cal, and electrical. 

It is by this operation that^the force ofgravity is introduced 
into the circle of forces, and is counted as a cause or productive 
agent. Viewed in itself, it creates no force ; what is gained 
In visible force is lost in position; to restorfe the^ position 
would require the pqwer*to be given ba^. It can, however, 
divert power; it can also store up and^ re-distribute it, as a 
banker does money. * 

A similar position of advantage may be found in the nmle- 
cular forces. Thus, th(^ existence of two elemental?^ bodies, 
able to combine, is a potential chemical energy, which, on the 
occurrence of the opportfiiiity and the stimulus, is converterf 
into actual moleculy eilergy. 6uch is the potential force of 
our coal, and of •all the uncombined and combinable elements 
of the globe,*— as* native sulphur, the native metals, and the 
loVer* compounds susceptible^ of entering into higher com- 
pounds. , 

Thd' molecular attractions of bodies (as cohesion) may oper- 
ate exSicfly^ in the manner of, gravity. A spHng is Ai obvious, 
example. The elasticity of compressed air may be turned to 
the same account * 
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12. Oaus$ition, viewed as Conseivation, iff thus the tians- 
ferriiig dr re-eiubodying of a definite amount of Force. 

When a s^ip is propelled by wind dr by steam, the motion 
is said to be caused by those agents ; which expend themselves* 
in producing iJie •effect. The expansiveness ofSteam is due to 
heat operating through the med^iuii of water. ‘The heat arises 
from the combustion or chemical union ofi-%'al» and oxygep. 
The coal the carbon of plants of former agefc, whose 
growth demanded an expenditure of solar heat. 

, ^..80 . ^gaifi, in the human body^ mechanical force is obtained* 
by mucsnlar c/.ertion ; that exertion is owing to the oxidation 
of the* materials found in tl^e blood ; these materials are either 
vegjdable products, or ,the bodies of other animals fed on 
' vegetables ; and, thus w’e come round again to the agency of 
the solar ray in vegetation. 

Transferred energy is thus the final’s nd sufficing explanation 
of all change,! and the only explanation in the highest sense of 
the word. Any fact of causation not carried up into this 
supreme law, may be correctly stateji, but it is not accounted 
foi*. \ 

Whatever appearances militate against the principle of Con- 
servati^p are S^o be held as fallacious. The ‘ perpetual motion * 
has long been rejected as incompatible with the mere mechani- 
cal phase of the*pripjDiple. There still remain to be removed 
various errors against the more comprehensive view. For 
example, the incautious remark is frequently made that ‘Light 
is the operative cause of vegetative growth, meaning lights 
aldhe ; wbut the large amount of chemical power required to 
decompose water into its elements (tha. bodies , of all others 
most costly in their demands) could be furnished only by the 
heating rays of the sun ; however much light may co-operate 
in givin^j stimulus or direction. 

13. The Law of Conservation exhausts Causation, viewed 

^s tliQ transfer of Force or Movii^liower, but leaves many 
Complicated, ifind, as yet, imsolved*^ questions of Colloca- 
tion. ' 

Lt‘ we view causation as the transfer or re-distribution of a 
certain definite amount of n^pving power, nothipg dan Ibe 
simpler than the statement* of the principle; and J in many 
instances^ wp find it easy to make the exact calculation! But 
I the circumstances attending the transfer, the situation or 
collocation of thqj' materials engaged, jnay have all degrees df ^ 
complexity. 
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The simplest •situalion is the transfer of mechanica;’! power 
fcy impact, as when a golf ball is impelled Ijy the moncpjiitum of 
tlie club. At leist, wj usually suppose this to^^be a simple 
-case; we take no account of the internal agitations of ^e 
particles of the^bod^, struck, being content to asfjame thatvthe 
inom^tum is ^transferred awith inconsideratle loss. Here, 
then, the colljoc^«i‘^^* easiest possible ; it is the sensible 

•(intact of one ‘in'oving body with another, either at rest or 
iiiready in motion. Even when one moving bddy strikes 
^another moving in a different direction, the diffic}|ilty of the 
•cc)l location is not much incretised ; the mechanical theo'reix»a-vif 
•oblique forces will predict the new distribution, jhn'd assign the 
•directions after the impact. • 

When we pass from the interchange of mechanical force*, to 
the mutual interchange of mechanical and molecular, we en- 
oouriter situations or coljpcations of various degftes of com- 
plexity. Least difficult is the relation of mechanical energy 
'^oiieat. When a*moving body encounters a ddhd resistance, 
the whole of the energy is resolved into molecular motion of 
the encountering rpasse»; if the l»dy struck gives way* in 
pafl:,fand takes cti motion, the actual energy generated^^is so 
much deducted from the energy transformed in^o heat^ i 
The transfer of heat into mechanical force, as in the steam 
engine, is accomplished by the expansiveness of the heated 
matter. Starting from the faCt of forcible expansion, the con- 
versim is merely an instance of mechanical impact. The 
difficulties are postponed to the next stage. 

The interchange of Heat and Chemical Force, the production 
•of each from the other, at will, is effecteS by an arraifgem^nt 
that can be^expressed with considerable definiteness in the 
gross, although leaving thj^ultimate links of transition in deep 
obscurity. The active combination of two comlunable bodies, 
as carbon and oxygen, gvolves heat ; but the minuto^circum- 
stances of the evolution can be only hypothetically surmised. 
The intestine heat motioifs#of carbon and of oxygen, in their ^ 
separation, when tryisfrt’red to i^e joint carboilio acid mole- 
cules, are in exdbssy and the surplus gives elevation of tem- 
perature, or sensilTle heat, to the mass. 

re-conversion of Heat into Chemical Force (potential), 
as in chemigal decompositions, is •somewhat more complicated, 
but arf account can be given of the situation in gross. In the 
cases VIrhpre decomposition i^ effected by heat alonef we have^ 
#ie simple restoring of the surplus heat of 4)he combination. 
In the other cases, wherif a new combination must be formed, 
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we have^an additional circumstance, stiU perfectly 
and, in is’^oiigli mariner, hypothetically conceivable. 

The difficulties of Collocation grow tfiick upon us when we 
grapple witla the ,hjiectrical group of forces. The polarized 
state of matter, whether in mass, as tl^ raggnet and the 
Leyden jar, or in molecule, as in t^»e decomposing cells 6^ the 
voltaic*" battery, is a now and unitiue phenomenon; and its 
generation by mechanical force or by heaii rStly* be stated ih 
tV extrernfj terms, but without intermediate expianation, 
dven by a plausible hypothesis. After many laborious tenta- 
ti*i!^,’ JPara^ay discovered the arrangement for directly convert- 
ing mechanical power into voltaic electricity (commonly called 
the magneto-electric machine), but the links of the transition 
or intermediate molec^stt changes are as yet unassignable. 

Yet worse perplexities surround the collocations for trans- 
ferring forcd in Living ilodies. Evep the simplest case — the 
production of Animal Heat from ctfcmical combination or 
combustion — ^Vs anomalous when compared with the saint?* 
phenomenon out of the body. The general fact is oxidation, 
but*' the circumstances and arrangements are peculiar and 
unknown. Again, the production of Muscuhir Force froiyi Uie 
procoLs ^f oxidation is in accordance with the Law of Conserva- 
tion, while the transition links are hithertodnsorutable. Like- 
wise, the Herve Force has the same common origin in chemical 
transformations (or blosely allied molecular transformations) 
as the other forces, and follows a regular rule of exchange, 
while the mode of derivation is involved in obscurity. 

i4. Seeing that, in Causation, there must be provided, 
not* merely a sufficient force, ^energy, or* moving power, but 
also thje suitable afl*angement fov making the transfer as 
reqjnired ; thjs completing arrarigerneut, or collocation^ is a 
1 part of file Cause, and (by ellipsis) is frequently spoken of 
jand investigated as the Cause. 

A rdnning stream is the propei^ sofirce of the energy that 
turns a mill. ^In order to the effect, however, the due colloca- 
tion or connexion must be made for bringing the wate^ to 
bear upon the machinery. Hence, the stream being taken for 
granted, the cause of the grinding of the corn is the providing 
of machinery, and the regulation of the sluices ; whiiffi circum- 
stances aij^ of^he character, not of force, but of collocation. 

• So, in a Voltaic Battery, intended to decomposp ivaW, or 
to excite cSu e^ctro-magnet, the pfime mover is chemicaSi 
force arising in the cells of the batteiy ; the completing 
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arraiigeiTj^ents iiiclude^tlie whole ^paratus of the battery, and 
the final act of closing the circuit; ^ 

The combination of the food materials with the oxygen of 
the air, may be reckmied the source of* all anifeial power; 
but so numerous aye tl/e^ conditions to be sequi'ed in .the 
way arrangemeijt*rf3r due collocation, that we have often 
to think far more^of these Siaji of the propelling agenfty de- 
rk’ed from the filijaal source of all moving power. Wo not 
uhfrequefttly assign as the; cause of a maifs bodily fitrength, ^i 
good digestion, healthy lungs, or a good-constitutior^ generally,' 
•and say nothing of tlie real ^derivation of the strength^-the 
reason being that, without the complex group oijlarrangements 
implied in these facts, the power wcaild not be transferred from 
the common fund and embodied in the. man’s muscular and 
nervous energies. 

When a ftian properly supplied with food, goes through a 
day’s work, we recogiiiz0*a transfer of moving power, under 
the# Law of Conservation. When any one pi*ostrate mth 
weakness is restored to strength by a few drops t)f laudanum, 
there is no proportion between the «ause and the effect, edn- 
sidei’cjji as moving power giving birth to equal, although 
different moving power. The salutary interference m^usl be 
regarded, not as a communication of moving energy ^corres- 
ponding to the access of energy that follows, but as the restor- 
ing of some arrangement or* collocation^ necessary to the 
convej’sion of the body’s nourishment into the various forces 
of animal life. 

As our knowledge of the Law of Conservation? is stich as i-o 
account for the remote source of all power whatsoever, the 
enquiry usually presented for Scientific investigation is by 
what arrangements a given ^ffect has beori*seciired, or through 
what media the bank of Nature’s Force has been. drawn upon 
in the particular instance. Not many years ago the*^heno- 
menon of volcanoes was regarded as wholly mysterious ; since 
the establishment of the#Le.j{v of Conservation, all that part oF* 
the mystery connected wifch the soiirce of the upheaving power* 
has been removed*, ft is the internal heat of the earth con- 
verted at certain points into mechanical energy. What re- 
mains for scientific investigation is a pure question of collocation; 
we are stUl ^ignorant of the afrangeraents for effecting the 
transference of power in that particular mannei\ 

In tlw same way, all the great cosmical changes, marking 
t^je evolution of the solar system, and the geol^ioal history of 
the earth, are referable t(f tbe primal sources of energy ; the 

3 
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moving power at work is no longer a secret.. Yet tjie circum- 
stances, arrangen?ents, or collocations, whereby the power 
operated tp produce our existing monntain chains, the rise and 
Ikll of continent?;, the fluctuations of climate, and all the other 
phenomena' revealed by a geological examin^ion of the earth, 
are as yet in uncertainty. o ' 

15. The importance of Collocation qj^ears in another 
i aspect, ajt representing the modes of Potential Energy. 

Potential Energy 4s energy of situation, arrangement, or 
,coll9cati6n. The Potential Energy, stored up when moving 
bodies work('against gravity, till their force is exhausted, is 
desdribed as a position of advantage^ a collocation of power, 
w^th reference to a gnavitating mass. Here we have the re- 
markable case of force embodied in absolute stillness or quies- 
cence. A mountain tarn is absolutely quiesdent while its 
enclosure is perfect j the immense'^ impetus to be displayed in 
its descent to the plains is not at present represented eveji by 
molecular njotion. 

<» A similar energy of collocation is created when bodies are 
distended in opposition to their coheslv^e attractions, /is in 
spijings. 

Laijd'ly, there is the energy of separation of Chemical ele- 
ments, as in coal, sulphur, metals, and other combinable sub- 
stances, simple or ,<Jompound. ^ Gunpowder is a concentration 
of potential chemical energies, or of combinable elements in a 
situation of readiness to combine. 

It is^in the case of these potential energies that we seem to 
6;*eatc moving power, to bring fqrth force, without a prior 
equivalent force, to make sm Jl causes yield great effects. The 
apparent cause, or antecedent, of a great outburst of moving 
power, is something altogether trivial, as if force were 
evoked and*absoluf-ely created. Cause and Effect cannot, in 
such instances, be stated as one moving power transmuted into 
? an equal moving power, molar or molecular. A child’s touch 
might be made to discharge a man-of-war’s broadside, or 
inundate a village. One word of a g^ieral, the signature of 
a sovereign, may destroy an eufipire. , 

Cause, in all these instances, has a peculiar and injportani 
signification. It is not a moving force equal to the visible 
energy of the effect, it is’ the exertion, however easy, that 
changes a situation of potential energy to a situation of actual 
enei^ ; the cutting of the strhig that suspends a Weight, thq 
drawing of a ^sluice, the setting a Jight to a combustible, l*h6 
supplying of a motiva to human volition. , a 
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The course of e«periiiieiital investigation must adg,pt i\self to 
this position of our knowledge as regards Causation Wo 
know the ultimate, an(|, in most instanc^ps, the /proximate 
sources of moving power or energy ; we .*know ^a certain 
numbeij^ more 05 lesS^ of the conditions or coHocations of the 
transfp/; what jve »tiH desiderate is the thorough andjfullj 
generalized knowMge of the reftnaining collocations. 

Jn the subtle actions of Light, we are at this moment in 
doubt whether the luminous ray operates as a flynamicai 
jnd force-giving agent, like Heat and Electric Forc^p, or only 
as a collocating •agent, either* to complete the* mediuulrtbi' 
transmitting a true force, or to convert a potc/ntial iutp an 
actual force. As causing chemicJh .1 combinations, we can 
ascribe to it nothing more than the liberation of the potcniial 
chemical enQfgy. So, in acting on the eye to rouse our 
optical sensibility, it m^ be no more than a dfsturber of 
latent forces. 

T?he settling of this preliminary point is neceSsary to our 
progress in the investigations of luminous agency.* In merejy 
completing, or else • disafranging Collocations, Light mu^t 
exerf m dynamical force, but it may bo of the very sligt^est 
amount, and out of all proportion to the result^ that «nsue. 
There is no proof that, in any situation, the energies aroused 
by light are maintained at the cost of the light. 

The character of a disturbing agent musl attach to many, if 
not mcjst, of our sensations. The tickling of the nose by the 
proboscis of a fly cannot be the source of the muscular move- 
ments that arise from the feeling. The iridtatioii of ali^usicftl 
discord, the revulsion ^t all odoig;*, the energetic discharge bf 
a bitter morsel from the nnjuth — are efficacious as disturbing 
some collocation, and bringing potential force into actuality. 

In the complicated auimal framework, there may be yioleht 
displays of energy consequent on the withholding *of the 
regular supplies of energy^ Extreme hunger may lead to, 
nausea and retching, in the delirium of fever, wheill no ^ 
nourishment can be received, there*is great muscuiar exertion. 
We are at no lo^, on the foregoing principles, to solve the 
apparent oontradictfon. 


16. As Cause may not always. mean the Moving Power;; 
transferred, according to the Law of ConservSion, so, the , 
Effect may not always mean visible energy gaineS, but a/ 
arrangement or Collocation of materials^ 

( Moving Power is often expended, not .with a view to repro- 
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ducing soipc equivalent power, but itierelj to rerdistribute 
materials, as in transporting stones from a quarry to erect a 
building. There is a dotinite expenditure of power, corres- 
pbnding to the (;ollective amount of the stones, the distance, 
and the friction of the roads ; but the wholet^ffect consists in 
a cliaiigc of position of the materials, wd.h out any available 
energy. * 

Such is the nature of many Geological jhanges. .When uhe 
forces of the earth and the sun raice mountains, they impart a 
* position (if advantage, or of potential energy ; whereas the 
trsrwftport of erratic boulders, the deposition of strata at a dis*- 
tanc^ from tie source of the material, are effects of change 
without any embodiment of moving power. 

The evidence for Causation and for Conservation is 
the same.- - 

This follows from the identity of^the principles. Now, as 
previous to ^ the announcement of tlie principle of Conscr\^a- 
tiou, a gi'eat^'body of evidence had been accumulated in favour 
o/’ Causation in the old 'form, all the cyperimental proofs in 
I favour of Conservation are a pure additioh to the cvid^'ifvJe of 
' Causa^tion. In point of tact, however, these experimental 
proofs* are themselves considei’ed adequate to establish the 
principle of Conservation. 

Those speculators that rely on an intuitive basis of proof 
for this grand generalization treat the two forms as identical. 
Thus, Sir W. Hamilton is singular among metaph3’^sicians, in 
gdving to the Law qf Causation a form almost exactly co-inci- 
dbnt with the principle of Conservation^ which he may be said - 
, to have anticipated. 

Mr.* Herbert Spencer holds that ‘ the total quantity of matter 
ill the Universe, cannot really be conceived as diminished, an}^ 
more ihan it can be conceived as increased. Our inability to 
^ conceive Matter becoming non-existent, is immediately con- 
sequent on the very nature of thought. Thought consists in 
the establisliment of relatio^is. Thei^e c^an be no relation estab- 
lished, and therefore no thought framed, •when one of the 
related terms is absent from consciousness. The annihilation 
of Matter is unthinkable for same reason that the CreslXioii 
of matter is unthinkable ; * and its indestructibility thus be- 
comes an a priori cognition of the highest order — not one that 
results from a long-continued registry of expenencQ gradually 
organized into^fan irreversible mode of thought : but one tkat 
is given in the form of all experiences whatever * (First Prin- 
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OiPLES, 2nd edit. p. So much as regards Matter.\ Now 

as Matter is known to us merely as exerting force, 'tho^eason- 
iug really applies to Force as the underlyyig experience, the 
real signification of Matter. Hence, ‘ by the^indestructibility ; 
of ftiatter, we rgally*mean«the indestructibility »f the fofcej 
with which MatiJer a^fets us,* 

Without re-entet*iiig into lht> controversy as to the test of 
•trfith furuishe*d by»the inconceivability of the opposite, we 
may remark that in the abience of experimental confirmatioufi 
and interpretations, such an a priori conbeption woujd be very 
hazardous to rely on. It wouVl not tell us, for example, ^hat 
all the force of nature seems tending to a mode of dissipation 
which is, to all intents and purposes^ annihilation, namely, the 
radiation of heat into space. Moreover, the case has already 
been adduced of two opposing forces meeting to neutralize one 
another ; a fact formerly j^ccepted as in full consistency with 
the indestructibility of rnechanical force ; the universal belief 
oi^s»ientifio men, as Well as of others, was that nothing survived 
such a collision. Such a priori renderings are of Che nature of 
prophecies made afiei' thecjvent. • ^ 

\Wi^n tlie Inducdve Methods have been fully explained,j|th 0 
proof of the Law of Causation will be reverted to, with ^ \new 

of indicating its logical character. here ass urn d^i^ as 

sufficiently established, and we shall have to proceed upon it 
deductively in several of the nfetliods of Hiductive Proof and 
Elimiiuition. Without it, there could be no short cut to the 
establishment of a law of nature ; every separate induction 
would have to bo proved by a detailed exanjination of ifl stances 
through all nature. The iiA^st potent of the Inductive Methods, 
the Method of Difference, is a deductive yarrying out of the 
law of Causation or of Consej’vation. 

18. The Cause, or aggregate conditions, of an, •Effect' 
must be sought among Wie antecedent circumstances con-; 
joined with it. 

To appearance, Cai^pe and EffeSt are a sequence or succes- 
sion ; the cause being first, or the antecedent ; the effect, 
secoi^d, or the consequent. It is, therefore, among the circum- 
stadees* preceding the effect, ayd in sufficient connexion of 
time and pfeue, that we look out fcfi* the cause. 

The main difficulty of the determination is due to^tbe fact 
that, in'mpst cases, circumstances not entering into the cause 
also found among the antecedents, in as cldie connexion of 
jtirae and place as the causal* conditions. It is to extricate the 
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real ccjaditjons that we must enter on course of ohservation, 
experimont, and comparison of instances. 

.19. An invarMle antecedent is n*)t necessarily the cause 
or .any part of the cause of an ef Gct. 

f -lit 

.The familiar example is the sequence of day and -night ; 
which, although invariable, is not a sequence of cause and 
effect. So in the evolution of a living beilig, there are numhr- 
^ Ous links of invariable succession ; Und yet we are not entitled, 
on that circumstance alone, to pronounce the earlier the cause 
of the later. 

The case of day and night, being an underst ood phenomenon, 
illustrates the difference between causation, and mere invaria- 
bility of order. We know that the cause of day, is the light of 
the sun falling upon the earth ; that the cause of night is the 
absence of the sun. We farther knew that the earth’s rotation 
is the circumstance occasioning the periodical absence of the 
light. The cause of this entire phenomenon is made up of— *the 
lujminosity of the sun, our being placed within reach of that 
luminosity, and the earth’s rotation about its axis. The 
altqpnation of light and dark is itself but a consequence-i-U co- 
effect of the assemblage of facts constituting the phenomenon. 

Some of the invariabilities of vegetable and animal growth 
may be proved, and^others presumed, to be only common effects 
of the real cause. 

Such invariabilities are part of the difficulty of 'causal 
elimination. , 

* ThQ fcause must ♦be an invariable antecedent, but it must 
farther be what Mr. Mill e:j^presses as the ‘ in- 

variable antecedent,’ the sole sufficing circumstance whose 
presence makes the effect, and whose absence arrests it. Day- 
light i^ preceded by darkness ; but a state of darkness is not 
every wliere followed, after a certaim duration, with day-light. 
♦W e cannot, in the case of day and night, separate darkness from 
its oMer of alternation with liglffc ^ but, in referring to other 
cases, and other situations, we do not fi»d that a present dark- 
ness always alternates with illumination. 

THE COMPOSITION OF CAUSES. 

• t* 

20. When several motive powers are conjoirled, the com- 
posite elfect is the sum or difference of the separate effects, 
according as ||^iey conspire with, or are opposed to eag|i. 
other, . • 
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Cause% under^tood^as prime movers, may be combined, and 
the result computed by a numerical operation. Two ijen pul- 
ling at the same rope, two locomotives, *t wo weigYits, when 
acting in the same direction, have a total* effect t?qual to the 
su!n of the sepj,rate*effec1ifi When they thfvrart^oae another, 
the result is the di^m^nce. For oblique action, the computa- 
tion is made by tjie parallelogram of forces. ♦ • 

• In the.molfeculaivagencies the same rule applies. Two equal 
tfres giv5 twice the heat one ; two bushels of jpoals make 
twice the combustion of one, that is, twice the he^t ; in tfie 
* steam engine, t® double the fyel is to double the mc^iive power. 
Three identical wax candles produce a tripU illumination. 
Two equal magnets put together w^ll sustain a double weight. 
It a voltaic battery of ten cells decompose a pound of water 
in a given time, six similar batteries will decompose six pounds 
in the same* time. • 

The same principle ^itends to the Physiological or vital 
foiices. Increase *of heat, light, and assimilating material 
makes a corresponding increase of vegetable growth. Food 
and oxygen actively combined, g^ve forth a proportionate 
amojnt of animal^rce. . ♦ 

Even in Mind, the ratio holds, although interfered wi|)h by 
new forces arising out of the complication. *The pleasures 
and pains are in accordance with the amount of their several 
agents. A naaJil§^,enjQyme?|ts inc^^^^ his gains and 

diminish with his losses, other things being the same. 

TThe Social forces in like manner combine, and may be com- 
puted by adding the sum of the effects. The addition of new 
causes of discontent in 2^ people alread)^ dissatisfied, mak^ a 
correspondiifg advaifce towards? anarchy and revolution. On 
the other hand, some agreeable or soothing agency may neu- 
tralize an ill feeling alreadjf at work. 

In all these instances, Cause is to be interpreted unmeaning 
Motive Power, or Forefi ; in no other sense does the rule of 
arillimetical sum and d^pc^g nee apply. Causes that merely mak« 
good the collocation for 43ringing^ a prime mov^r into actioi, 
or that release a potential force, do not follow any such rule. 
One man may diwet a gun upon a fort as well as three ; two 
sparks are not more effectual than one in exploding a barrel 
of gunpowder. In medicindj Jbhere is a certain dose that 
answers the end ; and adding to it does no good. 

• 

, 21. Composition of Cduses is sometimes applied tcri 
Chemical actions, so as.to mean not a un^on of forces, but' 
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the unipn of substances or materials. »Iii this wayr; oxjgeiJ 
and hyo^^en coinbiiie to form water. 

This partVof the chemical process ctyiies nnder collocation, 
and not under foi^e. The mix^^..offlmaterials, and the union 
of forces, are' not the same fact. * - » 

In chemical action, thus undersi9>od, we Cannot fully predict 
the characters of the compound from the characters of tt|e 
elements. ^ It is the speciality of chemical combiijation to 
pllsrge nearly all the physical properftes of the substances com- 
bined, and* to yield a new product, where the combining ele- 
ments are not recognizable. Shlphur combines with copper 
to form a black flaky substance, the sulphuret of copper. 

There are still wanting general laws that would serve us to 
coui^pute the resultant of a chemical combination ; we know 
only that wpight is not lost, and that the law of definite pro- 
perties bolds. 

The analogy of Chemical Combination has been applied to 
mental and social combinations. Thus, the complex emotions 
of the mind al’e often so far difierent from their constituents, 
as scarcely to suggest these to the mental Analyst. The moral 
sensif^ for example, is declared by many to be a simple faculty, 
on the groun(i*of its having no resemblance to any other simple 
( lemonts of the mind. 

Again, in the study of national characters, we may know 
liiat certain influences concurred in the process of formation, 
and yet find a difficulty in tracing them. 

These, however, are mere analogies. Chemical combination 
is Mu illustrative metaphor and little besides. The analogy 
fails in one essential circumstance, definite combinations. The 
tlisguis^ of the elements or comporueuts is the only point of 
similarity : and that would probably be better referred to the 
analogy,pf growth^ where the constituents entering at one stage 
form a product, still farther combined' in succesive operations, 
•^hich cannot all preserve a record of themselves. 
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ELIMiNATIOSr OF*pAU*SE AITD EFFECT,— 6 bSERVA- 
• 'TfcJlSr A]Sri>*E2:PEEIME]SrT. 

• • • . 

*1. Th^ enquiry into causation is usually prasented in 
^nature as a complication of influences and aiTatigements,* 
some concerned and some uot concerned Jn the cau'se or 
the effect sought. . * 

For instance, a man i n good h ealth goes to a new place^ani^ 
a new occupation. His health gradually faifs/'^ TEore n^^ 
be a cause ‘for the failure ; assuming that he ^onld have 
retained his health in hkf original abode and occupation, the 
cau^e must lie in the new circumstances that h^ is placed in. 
These new circumstances are perhaps numerous ; the climate 
may be hotter or moister,pot to mention many otlier variaticaas ; 
ihe^an’s new pui;^uits and recreations maybe widely differtnt 
from nis old. Now, while some of these difterences must^ave 
some share in the effect, others probably have no i^mre ;,*and the 
problem lies in disentangling the one class from the other ; in 
separating the operative from ihe inoperative surroundings. 

Thp case now supposed represents the inductive search in 
its extreme speciality, and as it appears in the commoner 
practical questions. A more general enquiry»is exemplified 
in determining the effect^s of given ageifts, as heat, W»istifre, 
electricity, oioiie, light, foods or medicines, on the human 
constitution. Every one ol those agents 4ias a variety .of pro- 
perties, or modes of action*; in the case supposed, some are 
operative and some not ; and we* must discriminate^tthe one 
class from the other. • 

Again, we may propqpe*a still more general enquiry — 
is the common antecedent* to th% effect denominated Heat, or 
the peculiar fact or situation always recurring when there is an 
increase in the temperature of material bodies ? In looking 
at*tha, incidents attending the development of heat in any in- 
stance, w^-find them to be numferpus and various ; and we have 
to find som5 mode of separating tho inefficient from the efficient 
elements of the situation. • 

^ We khow from the law df Causation, ev^n in the less ex-* 
plicit form (Conservation being left out of ^ew), that in the 
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changes going on in the world, the present situation^is the re- 
sult of (the previous situation ; and if that previous situation 
were reproduced so would the present. But this is not all ; 
for we may4)e able to show that if a c(irtam part of the previ- 
ous,8ituati\i)n were reproduced, the ^.present would follow ; -we 
can put aside all otiose or inert accompaniments and reduce 
the antecedent circumstances tp those really operative. This 
is the process of Inductive Elimination, required alike 'n 
special and. in general enquiries as to cause and effect. 

. Yet farther, we may* find the sequence of a past and a pre- 
sent , situation to consist in a plurality of distinguishable 
sequences, which we may analyze and isolate by the methods 
to be ’pointed out. Political causation is almost always a 
conjplication of many distinguishable threads. 

2. Preparatory to the disentangling or eliminating pro- 
cess, we in^e, in our own mind, an analysis of the situation. 

As the finaA end is to discriminate the necessary from the 
unnecessary elements of the situation, we begin by a separate 
ernitneration of all the circumstances, taking care to reduce 
eacli to its simplest components. If a man has lost his health, 
in a Wtain locality, we first suppose to ourselves what may be 
the distinct agents concerned ; we analyze the climate into all 
its constituent circumstances — temperature, moisture, fluctua- 
tions, purity of air, and so on ; #e analyze the peculiarities of 
his mode of nourishment, occupation, habits, state of mind; 
and the more thorough-going the analysis, the better are we 
pr^paredrfor ^he operation that is to follow. Indeed, an in- 
sufiiciefit analysis wifi of itself defeat the best laid schemes of 
elimination. Newton’s investigation of the planetary motions 
owed its success to “his analyzing^ the course of each planet 
into a central tendency towards the sun, and a tangential 
tendency*. This separation was the first clue to the mystery. 
In any enquiry into the cause of some effect due to the sun, 
h!fe for example, sun-stroke, the diff’^^ieat known constituents of 
the solar beaift — heating, ligLting, aifd cljemical rays — should 
be separately viewed as the possible cause. ‘ 

The ability to perform these mental analyses is partly depen- 
dent on the state of knowledge at the time. Thus, we now 
know, what was not known ^in the beginning of ^ho last cen- 
tury, the ponstituents of the atmosphere; we are therefore pre- 
^pared forVn enquiry, according tp the methods of elimination, 
into the precise gause of any atmospheric effect. If it is pro^;: 
posed for enquiry, why does meat piftrefv in the air, we keep 
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in view •the distinct, constituents — nitrogen, oxygei?,, water^ 
carbonic acid, dust, living germs ; as among these, or among 
some concurrent action of these the cause must be Wnd. So, 
it is only of late, that ^he analysis of the solar i4iy has iijdi- 
cdled the so-cq^led ^henAoal rays in addition to^tbb’ lumi^ious 
and iJ5e heat-giving nays. , 

It may be farther remarked, that this analytic ability k a 
fecial mental aptitude personal to the enquirer, and indicat- 
ing the scientific faculty.* 

3. In separating the essential from the ihjn-essenti^l 
Accompaniments in cause tod effect, the co^^rse is to 
the cmumstances, for which end we must resort to Observa- 
tion and Experiment. 

The different antecedents and consequents being separated- 
in thought, we have to ascertain which antecedenHiiis connected 
with a given consequent. Having usually a plurality of ante- 
cedents, or a plurality of consequents, or both, we need to 
single out the connected couples of antecedent aj;id consequent. 
This requires us tq look* for other instances where the giwup- 
infs#are differentf and tomote what happens when particular 
antecedents or consequents are wanting ; an operation de^ribed 
by Bacon as * varying the circumstances/ 

The varied circumstances, or groupings, are so many new 
facts attainable only by Observation, te which we may add 
Experiment. The distinction between these two processes is 
not fundamental, and is seldom important. Observation is 
finding a fact, Experiment is making one, Tlje wqrth of the 
fact depends on what itts in itself, and*not on the mannqp of 
obtaining it? Both methods ai% used as far as possible. 

The advantages of E:j^^eriment are •not confined to the 
obvious circumstance of multiplying the facts, important as it 
must often be to multiply them! A second considiration is 
the power that wejnay Have of suiting the facts to the case in 
hand — of producing of variation we need. ^ TIias, 

in order to ascertajn W’hich offthe gases of the atmosphere 
supports combufetion, or animal life, and what are the elements 
that bring about putrescence and decay, we must, by means of 
ekpeHments, separate artificially one or another of the gases 
from th^’ijBst; such separation* not being provided for us in 
nature. 

Dr.* Balfour Stewart remarks, with reference to aK investiga-< 
tion by Dulong and Petit as to the cooling of ^ body surrounded 
by a gas, that the research was a very troAlesome one, from 
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the variations that had to be made in the temperature of the 
body, and irv the density, temperature, and chemical nature of 
the gas. 

A third stiperiority of Experiment ever Observation lies in 
the power of producing a phenomenon v-nder known ciremn^ 
stances and surroundings^ so as to take accdlint ot all extnineous 
influences. Thus, instead of observing electricity in thunder 
discharges, we evolve it in a room where we know all tba 
modifying influences. For the examination of maghetism, a 
house is constructed wholly of wood, so that the local disturb- 
ance of pieces of iron may be prevented. Likewise, the best 
opportunity for the study of disease is in hospitals, where the 
sick are wholly under the control of the physician. 

Experiment finds its greatest scope in Physics and in Chemis- 
try. It is admissible in Physiology, in the Human Mind, and in 
Human Soqjety, with limitations easily divinafile by any 
reflecting student. ‘ 

In the situation of enquiring into the Cause of a given 
Etfect, Experiment is for a moment unavailing. We can try 
the ^tfcct of a given cause, but we cannot try the cause of a 
givan etfect. Assuming heat as an agent, webcan make exncri- 
menti^on its various powers or capabilities ; but given the heat 
of a fermenting mass, as an eflect, we cannot, by experiment, 
get out the cause. We must first conjecture a cause ; experi- 
ments may then be histituted te find out the etfects of that 
supposed cause; if these tally with the effect in question, 
we have made out our point. 

The problem of Causation may thus be presented in both 
aspects-* given a cau5<e to find the affect, given an effect to 
find the cause — but the experimental solucion is one ; namely, 
to watch the eflect of an assumed tiause. The course of the 
phenomenon flows in one way ; ‘cause first, effect second. 
When we seem to be working backward, we are in reality 
working forward. ' 

‘feEVIEW OF THE COMPLICATIONS OF "CAUSE AND EFFECT. 
^4. The Ii:ductive Elimination of Causes and EflTects may 
be illustrated by a review of the various complications 
actually met with. ' . ^ 

We have already adduced. e!xamples of the complications 
[•that have to be unravelled, in order to assign the heat effects 
lof a cause,br the causes of an effect. We are able to present 
more comprehensive view of the actually occurring entangle- ^ 
^ments. 



COMPL10*AT10KS OF CAUSE AND EFFECT. 


45 , 


Those .natural agg’li^gates, termed Kinds by pre-emineuCe^ 
are marked by the concurrence, in a single objfect, of many 
different properties. Oxygen, carbon, phosphorus, iron, mer- 
cury, platinum — have (Ihch a great number ^f distinct powers 
01* activities ; i^encef whdh»the introduction of an»y bne of ihein 
is follj^wed by^somQ ctange^n the things they are brought into 
contact with, we, are at first «ncertain which of all th 6 mtiny 
jfroperties of the •substance is the operative circumstance. 
Carbon, *101’ example, is found to absorb gases in la'ige amount; 
which suggests the enquiry, which of tiie properties of carbon 
is this owing io : — its specific gravity, porosity’ blackness, 
amorphous structure, or any other ? Agaiif, mercury has 
certain medicinal effects ; and we*desire to know which of its 
many properties is the causative circumstance. Platinu>ja, in 
a finely divided or spongy state, brought into contact with a' 
stream of hydrogen, makes it ignite. What doefl this depend 
upon ? * 

’ ^o then, in the elementary bodies of Chemistiy, the simplest 
substances known to us, there is a great concow’so of anteced- 
ents present whenever aiay one is brought into play. Btft, in 
luftiye, these aro usually found mixed together (I am*not 
alluding to Chemical combination, which yields now subs^lnces) 
in great varieties of compounds. Thus, the Atmosphere is a 
mixture of two simple bodies — nitrogen and oxygen ; various 
known chemical compound^^water, caft'bonic acid, and am- 
monia; and a great many other gaseous effluvia, together 
with solid particles, partly dust and partly ova of plants and 
animals. Moreover, it possesses at each mofhentia cerj:ain 
temperature, a certain* electrical condition, and •perhaps 
other peculiltrities. * Thus, wh^n the atmospheric air is pre- 
sented to, us as a cause *pr agency, the possible variety of 
antecedents is very great. Many researches have been occu- 
pied in eliminating the causal conditions in combtfstion, in 
vegetable and in animal life, in putrefaction, in spontaneous 
generation (so-called), •& 8 .# > 

Again, the sea is pot fure waiter, but a solutihn of numerous 
saline bodies. • 

^ost minerals lire mixed substances. A geological stratum 
i^ highly compound ; and when certain vegetables are found 
to grow rig, a particular soil, elimination must be applied to 
ascertain which are the needful constituents. * 

In W^getable and in Ayimal Kinds, the com^ication 
Istill greater. The chemical constituents of plants and of ani- 
mals have very complex l,toms, whose disintegration may yield 
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a variety of different products. Hence, vegetable and animal 
flubs tances Used as food, as medicines, as dyes, &c., have many 
possible mo^es of operating. We must, however, when living 
bodies are agents, farther take into accofint the organic or living 
structure ; tlve poison of a living pla^t oi^* animal has powers 
of derangement (Juite different fro^ the chpmical action'pf its 
chemical constituents. ♦ , 

The complication in the world of Miiidi is v<5ry great. ^ 
human being is by nature many-sided, and by education still 
more so. Hence, when one person exercises an influence upon 
another, it Is far from obvious, at* first sight, by what peculiari- 
ties the effect Arises. So again, in the explanation of motives, 
a historian is often baffled to select the one that actually 
swa^^ed a given effect. ^ 

The operations of Government are ramified in their conse- 
quences. h single enactment — the^ imposition of a tax on 
windows or its removal, free-trade, oV its opposite — operates 
variously according to circumstances. *• * ‘ 

PONS* OF ELIM7NATipN. 

o.^Jt is in the comprehensive Law of* Causation Kself, 
once established by Induction, that we have the instru- 
ments for eliminating causes and effects in the detail. 

As already said, there is but bne proper Inductive Method 
— Universal Agreement ; there is, in the first instance, no 
shorter cut to an Inductive Generalization. We must go 
thrpugh the labour of a full examination of instances, until we 
feet assured that our search is complete, that if contrary cases 
existed, they must have been met with. 

By such thorough-going examin?^6ioii, various inductive laws 
have been established, including that momentous truth called 
the Law^of Causation. Now, in whichever of its two properly 
scientific aspects, we view this law — whether in the less sug- 
§;festiv 0 » but perfectly accurate form cn Unifonnity of Sequence, 
dr in the new *and better fortn of Cdnsei^ation accompanied 
with Collocation, we find in it a means of ^lortening the labour 
of ascertaining specific causes and effects. ‘ By-applying .the 
general law, in either form, there is often a possibility of prov- 
ing causation by a single instance. . ** 

Thus, to take the first form of Causation— Every event is 
^uniformly^followed by some othqr event ; and every^efent is 
uniformly proceeded by one or other of a definite number oi 
events h — given an antecedent, one coiisequent succeeds ; given 
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a consequent, sopae oi^ of a few definite antecedents has pr^ 
<;eded. Now from this it follows, that whenevertan agent is 
introduced into a quiescent state of things, and when certain 
changes follow at once bn that fact, the sequence* happenipg 
onCewill happen akvays.* . Nothing springs out of ‘ nothing. 
Natur^ in the matjea of sequences is uniform ; and a single 
case, cleared of ambiguities, establishes a law. By the stroke 
' of an axe, a block k cleft ; the same effect wnll always follow 
tfie same!® cause. Hence, a single experiment in thejaboratoiw 
may establish for ever a casual property. 

• On the second or more precise form of Causation, triere is 
a definite transfer of motive power under some given arrange- 
ment of things. We know, by ttis law, without any new 
observation, that a blow with a hammer will realize its 
equivalent, either in mechanical energy, or in some form 
of moleculal’ force. If in a certain situation, it, splinters a 
stone, it will always do the same thing, in the same situation. 
In, a different arrp>ngement, it raises the temperature of a 
surface ; and what it does once, it does always.^ All that we 
have to settle empiricaHy in this^form of the law, iswthe 
tr^sfer attending^ach collocation, and the collocation atte^id- 
ing each transfer. By induction proper (universal agree- 
ment) we have already ascertained this to be *unifojm, and 
accordingly pronounce upon a single clear instance. 

There is thus only one Inductive Methpd at the foundation 
(Agreement), but there are several Deductive Methods, or 
methods depending upon the grand generalization of Cause. 
For instance, the method known as the ‘ Method of Differ- 
ence,’ is not an inductive; but a deductive method ; for, with- 
out the law »f Causiftion, the method would be incompetent. 
Even the ‘ Method of Agreement ’ as employed for the pur- 
pose of elimination, supposes the Law of Causation, and is to 
that extent a deductive method. • 

6. The Law of Causation involves the three following^ 
affirmations, each of wliioh is the groundwork of a pt’ocess' 
of Elimination. 

(1) Whatever ^antecedent can he left out^ without preju- 
dipe tjo the effect, can be no paii; of the cause. 

A cans# is what produces ab .effect. As the presence of 
the cause is the presence of the effect, so the absence of the 
cause is the absence of the effect. The absence of ftie cause, 
ith the presence of the effect, would be contradiction of 
le law. We are sure, therefore, that whatev^ can be omitted 
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■or withdrawn without making any difference to the effect in 
question, ir. not the cause, or any part of the cause. If we 
cut a string that we suppose to be the support of a weight, 
and the weight continues to be supported, the string is not 
thQ support ■* * 

Upon the Law of Causation, view^d^on this side, reposes 
Mr. Mill’s Method of elimiruu^ion by Agvi^einenL A certain 
effect remains after the successive withdrawal uf all the ani.e- 
cederrts except one ; which leaves ihat one in sole and undis- 
.fiuted poiifsession, and* therefore the cause. 

(2) Wlion an antecedent c&nnot he left but without tlie 
consequent disappearing, such antecedent must be the 
cause or a part of the, cause. 

I 

This affirmation, likewise, is implied in the law. It presents 
the other side of the same linking of cause and effect ; absence 
of the cause is absence of the effect. Whatever, by disappear- 
ing, makes the effect to disappear, is b) that very facL an 
essential or causal condition. If the cutting of a string is the 
falling of a W'eight ; the sitring is the support of the weight. 

^This aspect of cause gives the decisive Method of Difcreace; 
the^ethod whereby a single instance may be incontrovertible 
proof (5f a cause. 

(3) An antecedent and a aonsequent rising and falling 
together in numerical concomitance are to be held as pause 
and Effect. 

This Causation in the more special aspect of Conserva- 
tiQn, and is directly implicated in that principle. In the 
transfer of moving power, thh quantity gained is the quantity 
lost ; and the tracing of quantitative concomitance^ is our very 
best clue to the force operative in a given effect. As the com- 
bustion ^of a locomotive is increased, so is the steam power! 

In those agencies that merely bring about a collocation, 
« there js no numerical ratio betweepTtbe agent and the result. 
<A slight touch is enough to /complete thQ electric circuit, and 
a double vehemence adds nothing to the enei*gy of the circuit. 

The process now described is the Method of Concomitant 
Variations. 

Tliese are the three chief, methods of Eliminating the un- 
concerned circumstances present in cause and effect. After 
considerable progi’ess has been made in the discotery of 
‘ causes, recourse may be had to a farther proceeding, namely, 
to allow for the influence of all knojvh causes, and to attribute 
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what remains of .the effect to what remains of the cause. This 
also is a proper inference from the Law ot Causation. It is 
termed the Method of Residues. 

The Method of Agreement may be empjoyed negatively; 
that is^ cases qjay Bf foiind where cause and effect are tini- 
formly absent tggethgrj^ We^ay call it Agreement in Absence. 
When this circumstance can be conjoined with the positive 
nfethod — Agi*eememt in presence — an approach is made to the 
decisive Cogency of the Method of Difference. Mr. Mill hq^ 
given to this conjoint mode the designation — Joint- Method. • 
^ The following chapter will exemplify the employment of 
these Five Methods of Inductive (or DeductivB) Elimination 
in investigating Cause and Effect. • 

It is not possible to separate from the thorough working^ of 
these instruments of Elimination the process of generalizing^ 
or attaining* to Inductive generalities. In carrying out the 
Method of Agreement, for example, the collation of a large 
nu^iber of instances where a cause or an effeet is present, 
cannot fail to suggest laws of causation of a higher generality 
than the enquirer spts out with. IJevertheless, it will nofr be 
ex|i3<Jient to dwelli upon this generalizing operation while ^e 
are bent upon the eliminating process. Generalization beltngs 
to Discovery ; Elimination is Proof; and Proof, mofe than 
Discovery, is the end of Logic. Still, we shall have to make 
room for a consideration of the best modes of arriving at the 
higher generalities. 


CHifPTER VI. 

THE EXPERIMENTAL METHODS. 

• • • 

1. There are thjee ‘chief methods of eliAinating th^ 
cause of a phenomenon from the neutral or indifferent 
accampanimeiits— Agreement, Difference, and Concomitant 
Variafions. • 

• \ • 

METHOD OF AGREEMENT. . 

. 2. The Method of Agreement is expressed thus ; — If 
fwo or more instances of ^a phenomenon under investiga- 
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: tion have only one circumstance in common, that circum- 
stance is the cause (or effect) of the phenomenon. 

The instunces are studiously varietl so as to leave out in 
turn all the circumstances attending the phenomenon. What- 
ever is left out, in one instance, without ^letriment to the 
efiTect cannot be the cause ; the possibilities are gradually 
reduced in number ; and, if thd means of elimination are com- 
plete, the enquiry terminates in assigning one circumstance 
^tTiiat has never been wanting where the phenomenon appears. 

The method is illustrated symbolically thus : — Let A repre- 
sent a cause vand a an effect. 'In nature wc? seldom have A 
followed by a alohe ; were such isolation the rule, the Experi- 
mental Methods would be ‘unnecessary. What we find is A in 
combination with other things as ABC, and a also in com- 
bination, as in a h c. But, now, if these conjunctions were 
rigid and invariable, we should hg/ve no opening for the 
methoca. The real fact is, however, that though a cause may 
be always in combination with other agents, it is not always 
in, the same combination ; at one time the union is A B C, at 
another time A B D, and again ACE; there being corres- 
poEjiing conjunctions in the effects — a h b a c e. 

If wp suppose, then, the instances — 

ABC giving a b c, 

A B D giving ab d, 

ACE giving ace, 

we reason thus. So far as the first instance is concerned — 
ABC giving a h c, the effect a may be produced by A, or 

B, of by 0. In the second instance — A B D giving ah d^ 
the cause C is absent, the effect a still i;einairiirjg ; hence 0 is 
not a. cause of a. Jn the third instance — A C E giving ace, 
— B is absent, a remaining ; hence B is not a cause of a. The 
only a,qtecedent persisting through all the instances is A ; 
when a is present as a consequent, is always present as an 
t antecedent. If, then, we are sure Jbhat every other antecedent 
, circiimstance has been removed in turn, the consequent a still 
surviving, we have concltrsive evidence that A is a cause, 
condition, or invariable accompaniment of a. 

It matters not which is the form of the* enquiry, — given an 
effect to find a cause, or given a cause to find an effect. The 
first is supposed to be the niore frequent occurrence’. Science, 
from ofeold, was 

rerum cognoscere causas, . 

If the probleni be given in the firs^ form, the proof is alwa^jr i' 
given in the second; we try a cause to «ee what effeo^i 
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will follow, whici progt^es at once that the consequent is the 
etfect of the antecedent, and that the antepoderit i^ the cause 
of the consequent ; the two affirmations being idei^tical. 

Although our professed object now is to lyifold the Induc- 
tive elirainatiornof ®ause*aiid Effect, having already disposed 
of the^ case of f o-ejiatence Co-inhering Attributes, yet, in 
emounding the Methods, we •must I'eceive instances hidifi- 
* cnrninately, as we dk) not at first know how they will turn out, 
Ttiere arS many connexions of Cause and Effect that appear 
^as Co-existences, and there are instances that we must leave 
undecided, being nnable to a^ign the ultimate natfire of the 
union. The more obvious tests of Causation® are these : — 
(1) sequence in time, as when innoeulation is followed by the 
small-pox pustule ; (2) expenditure ‘of energy, as whe^ a 
cannon ball gbatters a fort. Where these tests are wanting, as 
in co-inhering powers o^ the same substance — for example, 
gravity and inertia — we are left to presume co-existence, 
tlleire being, as altei^ative possibilities, mutual implication, and 
the co-existing effects of a common cause. • 

This explanation is more especialiy called for in commrnic- 
in^tke Method of •Agreement — the universal or fundamenfel 
mode of proof for all connexions whatever. Under ^his 
method in particular, we must be ready to admft all kinds of 
conjunctions ; reducing them under Causation, when we are 
able, and indicating pure Co-dxistence when the presumption 
iiicliiH3s to that mode. 

Asa simple example, we may take the case of the conver- 
sion of solid bodies mto liquids, and the farther Ijon version ^of 
liquids into gases. The • bodies so converted are evory 
possible variety of properties ; tfie one circumstance common 
to all the instances of sucl^ conversion fs the applicfrtion of 
heat. The elimination is complete as regards this antecedent, 
which is therefore correctly assigned as the essential owidition 
or cause. We may appT;j in this example, the most decided 
test of Causation, the expenditure of energy or force ; we i^ould* 
never regard the fact ^ mere Gb-existence. 

The next exanfjple is of a different character. 

The peculiar phenomenon known as the interference ol 
polarised light — consisting in Jhe exhibition of rings of alter- 
nating or®‘‘^eriodicaU colours, when a polarized beam of 
light passes through certain transparent substances — may 
be propoainded for investigation. We may ask — is there any 
Ji^ther property or phenomenon always preset in the bodies 
that show this peculiar ^effect ? Now, the bodies must, as a 
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matter of course, be transparent ; butr all transparent bodies 
do not exhibit the polarized bands ; hence, transparency is 
eliminateci By farther comparison of instances, we find that 
there is.no cona/iant mode of colour, of weight, of hardness, 
of form (crystalline), of composition (physical or chemical) ; 
so that no one of all these properties ^is concerned ^in the 
pTienomenon. There is, howSver, one property common to 
all the substances that furnish these coloured bands, they ^re 
^11 douhl'^ refracting substances, that is, present two* images of 
’ things seen through them obliquely. By Agreement through 
all known substances, there ia proof of the concurrence oi 
these two properties. 

It is not ascertained, hftwever, and cannot be ascertained by 
Agreement alone, whether the two facts are cause and efiect, 
or whether they ai'e a case of co-existence withqut causation. 
Agreemei/o is the method of proof ^br all conjunctions what- 
soever — whether Causation or Co-existence. The enquiry 
belongs to 'a particular class — the conjoined Properties of 
Kinds, where there may be laws of co-existence without cau- 
sation. The decisive criteria of causation are wanting in the 
ca^. ‘ * I ' 

To ^take third example. In flowers, there is a remark- 
able concurrence between the scarlet colour and the absence 
of fragrance. The following quotation gives a selection of 
instances. ' 

‘ Among all the colours that blooms assume, none are less 
associated with fragrance than scarlet. We cannot at present 
r^collecyt a bright sparlet blossom that is sweet-scented — yet 
no other colour among flowers is more admired and sought 
after. Scarlet prevails among Balsarnina, Euphorbia, Pelar- 
gonium, Poppy, Salvia, Bouvardia, and Verbenapyet none of 
the scarlets are of sweet perfumes. Some of the light-coloured 
BalsaiSis and Verbenas are sweet-scented, but none of the 
scarlets are. The common Sage, with blue blooms, is odorifer- 
'ous #both in flower and foliage ; «.bui the scarlet Salvias are 
■ devoid of sinell. None the sweet-jscented-leaved Pelar- 
goniums have scarlet blooms, and none of the scarlet bloomers 
have sweet scent of leaves nor of blooms. ' Some of the \ghite- 
margined Poppies have pleasant odours ; but the British 
scarlets are not sweet-scented. The British wbite-blooming 
Hawthcjfn is of the most delightful fragrance ; the scarlet- 
flowering has no smell. Soipe of the Honeysuckles are 
sweetly perfun^tjd, but the Scarlet Trumpet is scentless’ (ELDii|i,;|| 
American GardenePs Monthly). 
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Fourth Example. The North-East wind is known to be 
specially injurious to a great many persons.# Let the enquiry 
be — what circumstance ^r quality is this owing to ? By a 
meiijLal analysis, we can distinguish various qa«/lities in. winds; 
— the degree of #violejjce, the temperature, the h*timidity br 
drynesa> the eleotricky* and •the ozone. We then refer to 
the actual instances to see if scftne one mode of any of tliese 
qugilities uniformly Accompanies this particular wind. Now 
we find, that as regards vidtence^ easterly winds are generally* 
jpeble and steady, but on particular occasions, they ard stormy; 
hence, we cannot? attribute their noxiousness to jhe intensity 
of -the current. Again, while often coZd, they are sometimes 
comparatively warm ; and although* they are more disagree- 
able when cold, yet they do not lose their character by being 
raised in temperature ; so that the bad feature is not coldness. 
Neither is there one unifoigai degree of moiskcre; the/ are some- 
times wet and sometimes dry. Again, as to electricity^ there 
is ifo constant electric charge connected with ifliem, either 
positive or negative, feeble or intense ; the electi4c tension of 
the atmosphere generally rises a^ the temperature fallj. 
Farftnfr, as respects ozone, fhey have undoubtedly less of f^is 
element than the South-West winds ; yet an easterly w^nd al 
the sea shore has more ozone than a westerly wind in thfe heart 
of a town. It would thus appear that the depressing effect 
cannot be assigned to any one of these ^ve circumstances. 
WhenJ however, we investigate closely the conditions of the 
north easterly current, we find that it blows from the pole 
towards the equator, and is for several tJiousanS mifes close 
U 2 )on the surfage of th^groilnd ; lyhereas the south-west wiild 
corning from the equator (jescends upon, us from a height. 
Now, in the*course of this l^ng contact with the ground, a 
great number of impure elements — ^gaseous effluvia, fine dust, 
microscopic germs — may, be caught up and may remffln sus- 
pended in the lower stratum breathed by us. On this pointy 
alone, so'far as we can At present discover, the agreement is 
constant and uniform® '• * 

What is the conclusion ? As Agreement by itself does not 
decide that conjoined circumstances are cause and effect, we 
must find some mode of excluding Co-existence, and rendering 
the case one of succession. Wheil the two c’rcurastances are 
plainly in succession, as when a fracture follows a b^-w, uni- 
form agreement (with elimination) proves causation ; when 
•irfiey are not demonstrably successive, the agreement fails in 
this respect. 
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Now, there is a general belief that the two events supposed 
— the cast wind and the uncomfortable sensations — are not 
oontemporLiieous, but in succession ; the wind first, the feel- 
ings afterwards, o This belief is supported by the circumstance 
that a change of feelings, must have, accordhag to the law of 
causation, an antecedent condition ; and if all antecedents, 
besides the one above named, are eliminated, that one is the 
cause, or an essential part of the cause. 

4 The plienomenon to be explaine^d is not a permanent fact 
or potentmlity, like polarization or double refraction, it is a 
temporary nuanifestation, and lequires some causal circum- 
stance to bring it forth. In this respect, it resembles the 
actual display of one of these optical properties ; it cannot 
happen without a suitable agent and collocation, which is pro- 
perly a cause of the appearance. 

If then, the elimination be suppt^sed complete, there is a 
proof by Agreement that the deleterious influence of the east 
wind is due to the circumstance named ; arid the case exerrfpli- 
fies the eliminating efl&cacy of the method. 

cin the foregoing exaTr?ple, we cannot* withhold from our 
mip.d a certain presumption in favour of the result, grounded 
on ou* knowledge of the deleterious tendency of atmosphere 
impurities caught up from the surface of the ground. This 
is a circumstance not properly belonging to the proof by 
Agreement ; it is a confirmation from deductive sources. The 
addition of such a presumption always operates strongly on 
our belief ; the total absence of it leaves a considerable shade 
ofi uncertainty in all the methods, but most of all in Agree- 
ment. The third example shows this deficiency ; we are not 
at present aware of. any connexion of a causal ^kind between 
the scarlet colour of flowers and the absence of fragrant 
odour the proof of the law rests upon the Agreement alone.^ 
That method of proof is final, only when the elimination has been 
^ exhausted, by variation of circumstances, and when the coin- 
cideu\3e has been shown through all nature, so as to Establish 
a law of Universal Co-existdnce. 

Fifth Example. Let the phenomenon given be Crystallizaiiony 
and let the thing sought be the antecedent uircumstauces, 
positive and negative, of the formation of crystals. Tliis is a 
case of succession, and therefore of Causation. • ' 

begin by collecting instances of the efiect. In the 
following series, the circumstanees are purposely, varied with 
a view to elimination : — 

1. Freezing of wHier 
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2. Cooling.and ^lidifying of molten metals and minerals. 

o. Deposition of salts. from solutions.^ 

4. Volatilizing of solutions. , 

5. Deposition of solids from tbe gaseou^ state, as iodine. 

6. Pressure. *, * • * 

7. Slow iyiterma> change, as in rocks. 

8. The transformation ol metals from the tougli to (?lie 

brifele condition, by hammering, vibration, and re- 
peated heatings* and coolings. * 

^ Looking at the first and second ifi stances — ice, and tfio 
solidifying of molten metal-»-we discover two antecedent cir- 
cumstances, namely, lowering of .ternperatuife, and change 
from the liquid to the solid state. • 

The third instance — deposition of salts from soluticyi — 
agrees in tjie same two circumstances, there is a lowering of ‘ 
temperature, and also a^hange from liquid to solM. 

The fourth instance — the volatilizing of solutions, as in 
bailing down sea-A^ater — appears to fiiilin the ntatter of cool- 
ing, but still contains the circumstance of prior liquidity ; the 
prominent fact is that ikxo solvents is dri ven off, and the*dis- 
scJlvcsd substance thereby* compelled to resume the solid s^ite. 

The fifth instance — the deposition of solids^ at once rrom 
the gaseous state, as in the case of iodine — seems to eliminate 
prior liquidity. We must then shift the ground, and, for 
liquidity, substitute one of tfie two higher states of matter. 

The sixth instance is ‘ heavy and long continued pressure 
upon an amorphous substance ; ’ principally shown in geology. 
This would eliminate the prior liquid or gaseous*condition, gind 
bring to view the^forcfed approximation of the con^stituent 
particles of bodies. But the same circumstance accompanies 
all the previous cases, beipg merely a tlifierent exprtJssion of 
what is common to them. We know heat as forcibly enlarg- 
ing the bulk of bodies — making their particles muiMally re- 
pellent ; the withdrawm^of this force leaves the attractions of 
the particles free to operate. •• ** 

The seventh in%tance — slow* geological transformation-s- 
unless viewed by the light of the circumstance just named, is 
difficult to interpret. It is not, however, incompatible with 
tlbe predominance of the mqjecular attractive Ibrces by the 
abatemeht.of the repellent forces. 

The eighth instance — change of metals from the tcagh to 
the brittle state — is a trup case of crystallization ; brittle- 
' ness is accompanied with an imperfect crystalline arrangement. 
The effect is produced* by cooling after hammering ; by re- j 
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peated beating and cooling ; bj long-oontinued vibration or 
concussion all which influences tend to expel the structural 
heat of theiisubstaikce ; the consequenpe being that the mole- 
cular attraction if more preponderant. 

We have thus eliminated Cooling, Depositioui from Sqlution, 
and Prior Liquidity ; and have fcwind btit«one ¥iniform aatece- 
dent — the increased scope and* operation of the molecular pr 
solid-forming cohesion ; to which point, hbwever, these other 
circurnstailces really tend ; tliey ar^ all of them remoter ante- 
cedents of^ the one constant antecedent. The examination of . 
the instances ]:^as enabled us to generalize the phenomenon, as 
well as to establish the generality upon evidence, namely, the 
evidence of Agreement. ” 

As we have stated this enquiry, it is a clear case of Cause 
and Effect. We have sought the antecedent circumstances 
whereby a body in an amorphous oifc.nncrystallized state be- 
comes crystallized ; and we find that there is an expenditure 
and re-distribution of power or energy. The result of the Ex- 
penditure is riot an active manifestation, as when we produced 
mecUanical force, or heat ;*'it is an afrangement, or structural 
coli^ation ; a case already contemtplated (p. B5) among' £he 
results pf expanded force. 

Sixth'Example. Let us next apply the method to eliminate 
the cause, or the antecedent conditions essential to the pro- 
duction and maintenance, of Light 

Now, the most constant circumstance is a high temperature ; 
solid bodies become luminous at a temperature of from 980° 
to 000° Fahrenheit. , So far, there is a remarkable unanimity. 
It is found, however, that gasqs do not always become lumin- 
ous at this temperature, nor at a fuuch higher ; a current of 
gas may be raised to upwards cvf 2000° E. without being 
luminous ; whence we conclude that the state of the body is 
also a Condition. Again, the electrp.c sparh is a luminous 
effect, which would give the disturbance of the electric 
ciischai'ge as an antecedent. As there i&' a possibility, hbwever, 
fnat the great* violence of thb discharge may be accompanied 
with sudden rise of temperature, this may be merely another 
form of heat. We should need to show, by * varying •the 
instances, that high temperatuae is not essential to the spark. 
In the next place, certain substances give light at common 
temperatoes, to which fact has been given the name phosphor- 
escence, Some minerals, gently heated, emit a feebie light,, 
which soon ceases, and cannot be reijewed until the body has^ 
been exposed to the sun or the electric apark. This is still a 
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form of heat, bub uot the intense degree of ordinary light.* 
More peculiar still is animal phosphorescence, as* the glow- 
worm, fire-fly, and certain sea animalcules. , Here the accom- 
paniment is a special mode of vitality hitherto uneliminated, 
and excluding ^he l^rcuirflstance of high temperafure (Mr. 
Herbe^?J Spencer suggests that it is an incident attending 
oxidation). Once* more, a faftit flash of light occurs *wit1i 
cejtain substances in the act of crystallizing. 

We may thus collect from Agreement, that ignited solids 
^the temperature of 1000° are luminous,* and that all electric 
discharge is luminous ; but we cannot at present lay down 
any wider generalization. Excepting the very general fact of 
molecular disturbance of some kiifd or other, which we are 
unable to qualify in the precise mode •concerned in the eflbct, 
our compar^on of instances does not point to a constant 
circumstance. For the p^'esent, we regard Lights as having 
a plurality of causes. 

As farther instancies of Agreement, we may (|ubte the proof 
of the coincidence of Sleep with low nervous action, which 
means a feeble cerebral circulation^, also, the connexion of 
Mefbcwy with the ‘•intensity of Present Consciousness. Tfie 
uniformity of these conjunctions under all varieties of other 
conditions is the evidence aflbrded by Agreement. Tlfe Rela- 
tivity of Knowledge is established partly by Agreement, partly 
by the method of Concomitant Variationst as will be shown. 

The cogency of Agreement is manifestly in proportion to 
the thoroughness of the elimination. Whatever circumstance 
has never been eliminated is a possible Cc^use. There are npt 
a few instances, as in^tlie h-ction^of drugs, where nature does 
not provide tlie variety requisite for a thprough elimination. 
The complicacy of the Natural Kinds passes our me'ans of 
extrication by Agreement alone. 

METHCflD OF DIFFEKENCE. 

• 

3. Eltmination by ffifference is expressed iij the icriiow-^ 
ing canon : — If ^n instance wlfere a phenomenon occup, 
and an instance where it does not occur, have every cir- 
cuyi'^tance in'coninibii except one, t hat one occu rring only 

-first ; the cirqiunspifcQ present^^^^m^ and 

absent in the secon^ is the cause, or a part of the cause, 
of the giyen phenomenon. ^ • 

• We are supposed to ha^e two instances and\nly two. Each 
is a coiiy>lex sequence, a ^^oup of antecedents followed by a 
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jSfroup of consequents. The two complex sequences differ hy 
only a single sequence, present in the one, and absent in the 
other. Tlius the sequence A B C D gives a h c d, and B C 
gives b c.d: the^only difference being the presence of A in the 
antfecedent, and of a in the consequent, „(!)*f oi^e sequence, and 
the absence of these in the other sequence, f. Supposing A, P 0 D 
changed into B C D, by the l6ss of A ; while at the mom- 
ent abed is changed into b e dhj the loss of a ; we haye 
a proof of‘ilic connexion of A with a. Indeed, the assertions 
"are identical ; to say that the disappearance of one thing is^ 
followed by the disappearance oft another thing, there being no 
other change, is merely a. way of expressing causal connexion. 

Difference plays a greiii. part in our everyday inferences. 
The usual lorm is the sudden introduction of some limited and 
definite agency or change, followed by an equally^definite con- 
sequence. "When the drinking of WQ^ter is followed at once by 
the cessation of thirst, we do not hesitate to pronounce the one 
fact the cau^ of the other. The human system is a gieat 
complication,^ but the only difference made upon it in two 
successive minutes is the rxjquence oft drinking and the satisfy- 
ing of thirst ; there has been, we 'presume, no time fo”’ hny 
other phange to manifest itself. So when we waken a sleeper 
by a nbise, or strike a light by the friction of a match, we 
infer causation ; the new agency being instantaneously fol- 
lowed by the new effect. 

The first example given, under Agreement, is also proved by 
Difference. That Heat is the cause of the melting of ice, of 
wax, or 4)f lead, is p;roved by making, upon these substances,, 
the one change of raising the temperature. Being quite sure 
that in the conversion of ice into water, no change has been 
made except this, we have a conclusive experiment of Differ- 
ence to show that heat is tjie cause. 

The^me substance in two states, as solid and liquid, or as 
amorphous and crystallized, enables us to ascertain what effecta 
are dne to change of state. Thus? charcoal, uncrystallized, is 
^ black, opaqufe, and a conductor of electricity ; as crystallized, 
in the Diamond, it is transparent and a non-conductor. 

A large part of our knowledge of nature and of living beings 
is gained by making experimental changes and watchitig the 
consequences. Our proof is the immediate result. An im- 
mediate^ response is satisfactory evidence in almost any de- 
partment. Thus, in medicine, Jihere is little dotibtias to the 
operative foreq^of purgatives, emetics, sudorifics, diuretics^ 
narcotics, stimulants, irritants; the uncertainty attaches t(> 
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alteratives, tonice, an^J the protracted treatment of chronic 
cases. The effect of quinine, in ague, is established beyond 
dispute. , , 

Whether it be to ad3, or to withdraw, a, definite .agent,- a 
change instantly following proved to be an effect.* Even in 
politics, we n^^y Ua\ie a p^'oof from difference ; as in the 
accession or resignation of a » minister, like Chatham.^ No 
‘ ofher circurastancoB arising in the ordinary course of a year 
would mSke that total change in the course of politics thfjt 
^followed on Chatham’s becoming minister. It could not be* 
denied that he was the cause (in the ])radical sense *of cause) 
of our successes in America, and on the continent of Europe. 
The consequences of his retiremer^lf were equally decided as 
proving, on the method of Difference,* the vast superiorit}"* of 
his powers ^ an administrator. 

Wherever Difference ^n be resorted to, the kijt)\v ledge of 
causes is gained at once. In ordinary cases, the method is so 
obvious in its application, so satisfactory and conclusive, as 
scarcely to need a master to explain or enforce it.* The special 
discipline of Logic, so far* as this mtthod is concerned, lidfe in 
shewing the precautions ^requisite in the more coinplics|ted 
cases. ^ ^ 

In Physiology, the functions of the nerves were ascertained 
by the experiment of dividing eacli in turn, and watching the 
effect. Whatever function fs immediately arrested on the 
division of a nerve, is shown to be due to that nerve, or to 
require that nerve in order to its performance. Such experi- 
ments, however, do not exhibit the entire circle *of c»nditicyis 
involved in the function* in question. We know tlfat the 
integrity of tlie spinal cord is necessary to sensation and ta 
movement in the trunk aq/i in the extremities of the* body ; 
we do not exhaustively know what else is necessary. For this 
more extensive knowledge we should have to multiply ♦experi- 
ments all through the brain. If the destruction of any part 
interferes with these functions, that part enters into the' 
causal conditions ; if otherwise, it does not entfer into those* 
conditions. * 

Tie extension 6f this class of experiments to the brain 
exbmfflifies one situation where, the method of Difference may 
be indecifiilve. Deep incisions in ‘the brain, intended to affect 
one single organ, as the cerebellum, may injure adjoining 
organs*; and may therefore bp inconclusive as to the functions 
Jif the special organ in view. It is on tijs ground that 
. Brown- Sequard objects tfi the views of Flourens regarding the 
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function of the cerebellum. The one cej:tain inference in such 
cases is, thdt whatever function survives, in its integrity, the 
destruction^ of an organ, cannot be exclusively due to that 
organ. The obv/^rse inference is cert&-in only on the supposi- 
tion that fhe injury has been confined to the part affected. • 

With reference to the conne^^on of scarlet bloorii^ with 
ab'senhe of odour, we have a fceehiing case, of Difference in 
comparing such varieties as the white-flovrering and the red- 
fLowering hawthorn : the one fragrant, the other not.' In the 
tsomplicacy of Kinds, ^e can seldom be sure that a variation 
is rigidly confined to the circumstances that are apparent. 
Moreover, wh^re there is. not a clear case of Causation, Differ- 
ence is insuflGlcient to provi a coincidence. 

Sir G. 0. Lewis lays it down as essential to the validity of 
a proof by Difference, that we should know, by a previous 
induction, the general adequacy of tjj^e assigned cause to the 
production of the effect. When we infer that a man, shot 
through the‘^heart, drops down dead, we need to know,|.he 
thinks, that, iS a general rule, a gunshot wound in the heart, 
is a*bause of death. To this remark»the reply is, that practi- 
c^ly we do make use of such previous kiiOwledge, but it is 
not essential |)0 the method of Difierence. Provided we are 
^uite sfire that the new agent is the only change that has 
preceded the effect, the instance is conclusive, on the Law of 
Va'usation solely. The use of a more specific induction is to 
supply the defect of certainty in the instance itself. There 
may be other unseen agencies at work, as well as the one 
supposed,' and this is the only ground either for invoking a 
general presumption, or for multiplying instances of the 
phenomenon. In practice, we seek both for presumptions 
(from Jirior inductions) and for repetition of iustfinces ; but 
an ideally perfect instance of Difference, in a case of Causation 
is conclttsive in itself. 

‘ Agreement and Difference can be bai^ily compared ai^ to their 
I'fespective advantages and (Jjsad vantages. Agreement needs 
A large number of instances, but thei/ character is not re- 
stricted. Any instance that omits a single antecedent contri- 
butes to the result ; the repetition of the same instance is .of use 
only as giving means of selection. Difference requires only 
one instance ; but tha-t one is peculiar, and rarely to be found. 

A great extension is given to* the power of Agreement, by 
extending it icl^ agreement in ahse7ic». When such cases are 
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conjoined with those Tyhere the agreement is in presence^ there 
is an approach to the conclusiveness of the method of Differ- 
ence. This double employment of the method of *Agre 0 merit 
is brought forward by l\ir. Mill under the designations — the 
‘ Joint Method Ag^emeilt and Difference/ and the* ‘Indirect 
Meth^i of Difljprenee.i It might also be called the ‘Method 
of Double Agreement.* • 

JOINT METHOD. 

► 4. The canon of this Method is : — If two on more in- 

stances where the phenomenon occurs have •only one cir- 
cumstance in common, ^ile tw^r more instances where 
it does not occur have nothing in common save the absence 
oi‘ that one circumstance ; the circumstance w^ 
t he two sefs of instaiices diflFef^ is the effect,,^ 0 | jt|ie„ cause,... 
or a necessaiy' part of tlie cause of the phenomenon. 

If we require to ascertain, under this method, that A is 
the cause of a, or a the effect of A, we add, to tht) instances of 
uniform presence ©f A ^nd a, other instances of uniform 
absence, as B F G? folio w^Ai by 6/ C H I followed by 
and so on. If we have never discovered A panting as an 
antecedent without having a absent as a consequent, ’there is 
a strong additional presumption that A and a are united as 
cause and effect — a presumption that may approach to the 
certainty of the method of Difference. 

It is a confirmation of the cause, suggested by Agreement, 
of the noxiousness of the North-East '9\find, that tlle^ South- 
West wind, j)he genial and whplesome current, is wanting in 
the circumstance assigned, It descend p upon us from the 
eleyated regions of the Atmosphere, whore impurities are 
highly diluted by dissemination. ^ 

Again, to revert to the example of Crystallization. * * Let us 
review the non -crystallised solids, and note the mode qf^ 
their formation. The Amorphous stones and rocks, atf sand- 
stone, chalk, &C.J art known to 15e sedimentary 'deposits from 
water. Before being solidified, they existed as solid particles ; 
they were not dissolved in water, neither did they exist in a 
molten condition. This Agreement in absence would confirm 
the inferenee from Agreement in presence — that (so far as 
certain instances wont) crystals existed in a previops higher 
ponditloA. . But the general. inference, from the full compari- * 
►son of examples, was thq superior play givenito the molecular 
attraction by counterworklne* the molecular repulsion.^ Now, 
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this general fact is absent from all merp sedimentary deposits; 
these bodies haveoiio aid, in the shape of loss of heat or other 
cause, to tjieir molecular attractions. 

• The compari^)n of the amorphous rocks yields another 
circumstance, namely, the irreguhi^ mMure^ of different sub- 
stances, For, although in a mud sediment sjlica or t^lumina 
may ‘prevail, neither is over putre ; and the mixture of difierent 
elements is a bar to crystallization, unless they are of the 
J^ind call(3d isomeric (from crystallking alike). Thdre is more 
"■ to be gotr over in crystallizing compounds of unlike elements, 
and the crystals must be deficient in regularity. 

Another uncrystalliz^d class comprizes the vegetable and 
animal tissues. In their 6ase, however, the antecedent circum- 
stances are too compltcated and obscure to furnish insight; 
they rather stand in want of illustration by the parallel lights 
of more cfovious cases. Besides, tjiere is in them a method 
and order of aggregation more analogous to the crystallized, 
than to the ‘kmorphous solids. 

A third 'class includes the Colloids, or glue-bodies, of 
<Jraham (represented by^gum, starch, gelatin, alburr en, tannin, 
capmel). They are net confined* to the viscid form of ^lue, 
but ii? elude, compact solids, as flint. The points of contrast 
between these and crystallized bodies are numerous and 
important. Their mode of formation is various ; many of 
them are the products of living bodies, and therefore share in 
the complication of living growth. Flint is an aggregate of 
particles of silica, which particles were originally the shells of 
animals, ancl therefore also organic in their formation. In 
this case, the molecular attraction of silica, in its progress 
towards crystallization, is thwarted by the pre-existing forms 
of the silicious particles. , 

It would require too long a discussion to show the bearing 
of the*”'colloid peculiarities on the question as to the antece- 
dents of the crystalline formation. Enough has been given to 
show the working of the method. o'? Obverse Agreement. 

' r 

METHOD OF CONCOMITANT VARIATIONS. 

5. Canon of the Method; — Whatever phenomenon 
varies in any manner whenever another phenomenon 
varies in some particular manner, is either a cause or an 
effect Ol that phenomenon, or is connected with it , through 
some bond of^poncomitance. ^ . 

The effects of Heat are known dnly through proportionate ■ 
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variation. We eannoi deprive a body of all its beat ; the 
nature of the agency forbids us. But, by making bhanges in 
the amount, we ascertaiy. concomitant changes in the aecoin- 
paiyiug circumstances, ai^d so can establish eause a/id effect. 
It is thus that vfp arrive at the law of the expf^nsion of bodies 
by heat. In th# sar»e*wray, wo prove the equivalence of 
^aiid Mechanical I'orce as a branch of the great law of Con- 
sey vation or Persistence of Force. 

The proof of the First Ldw of Motion,^ as given by Newtouf 
assumed the form of Concomitant Variations. On ijhe earth, 
there is no inslAince of moti<5n persisting indefinitely. In 
proportion, however, as the known obstructions to motion — 
friction and resistance of the air — al^ abated, the motion of a 
body is prolonged. A wheel spinning in an exhausted receiver 
upon a smooth axle runs a very long time. In Borda’s experi- 
ment with the penduluii> the swing was prolonged to more 
thjin thirty hours, b^ diminishing friction and exhausting the 
air. • Now, comparing the whole series of cases, from speedy 
exhaustion of movement to prolonged continuance, wo f^nd 
that there is a strict coflcornitancef between the degree 
obsfrimtion and tlnf arrest f we hence infer that if obstructipn 
were entirely absent, motion would be perpetual.* 

The celebrated experiment of carrying the barometer to the 
top of Puy de Dome was a proo^ by variation of the connexion 
between the pressure of the air and the rise of the mercury. 

By •Concomitant Variations, we derive one of the proofs of 
the connexion between the brain and the mind. JLii the same 
manner, we learn to associate health with Uie healthy agencies, 
and diseases \^ith noxious agencifs. 

The doctrine that change pf impression is an essentit^J con- 
dition of consciousness, froHi which proceeds the theory of 
Relativity as applied to feeling and to knowledge, is most 
strikingly attested by Concomitant Variations. The intensity 
of a mental impression notably varies according to the greatness • 
of the ti^nsition from ofie state to another : witness thb in- 
fluence of novelty^ oIp all great cflanges of circumstances, of 
suddenness and surprise. 

The Statistics of Crime , reveal causes by the method of 
Variations. When we find crimes diminishing according as 
labour is abundant, according as ’habits of sobriety have in- 
creased,^ according to the multiplication of the nj^ans of 
detection, •or.according to the system of punishments, we may 
presume a causal connexipn, in circ urns tanceiA not admitting 

the method of Difference.* 
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The Concomitance may be inverse. , Thus we find that the 
tendency ^o chemiteal action between two substances increases 
as their cohesion is diminished, bein^cr much greater between 
liq^uids than between solids. So, the greater the elevation of 
the land, the Ipss the temperature, and the tm ore scanty 'the 
yegqtation. ^ ♦ 

Parallel Variation is sonfhtimes interrupted by critical 
points, as in the expansion of bodies by heat, which suffer, s a 
reverse near the point of freezing. ^Again, the energy of a solu- 
tion does not always follow the strength ; very dilute solutionsji 
occasionally , exercise a specific power, not possessed in any 
degree by stronger. Scf, in the animal body, food and stimu- 
lants operate proportion^lfly up to a certain point, at which 
their fixrther operation' is checked by the peculiarities in the 
structure of the living organs. 

The properties of highly rarefies? gases do not exhibit an 
exact continuity of the phenomena that vary with density. In 
a perfect vacuum, there is no electrical discharge ; but the 
variations oT the discharge, in highly rarefied air, do not pro- 
peed in exact accordance‘s with the degree of rarefaction. ^ 

rWe cannot always reason from a few st^ps in a series to the 
whole series partly because of the occurrence of critical points, 
and partly from the development at the extremes of new and 
unsuspected powers. Sir John Herschel remarks, that until 
very recently ‘ the' formulae empirically deduced for the elas- 
ticity of steam, those for the resistance of fluids, and ofi other 
similar subjects, have almost invariably failed to support the 
fAieorefical structures that have been erected upon them.’ 

The method of Concomitant Vari^ations is powerful in 
suggesting, as well as efficacious in proving, causal connexions. 
The mind is apt to be aroused to the bond between two 
circumstances by encountering several conjunctions of the 
two in unequal degrees. Very o^en, we are not alive to a 
connexion of cause and effect till unusual manifestation of 
the 'one is accompanied with an umfsual manifestatibn of the 
other. We may be usin^- some hurtfal article of food for a 
length of time unknowingly; the discovery is made by an 
accidental increase of quantity occurring with an aggravation 
of some painful sensation. This is one form of the efficacy of 
an Extreme Case; an efficacy felt both in science and in 
rhetoriy. 

A remarkable case of Concomitant Variations is furnished by 
the discovery ( of a connexion betvreen the solar spots and tLa 
posHionB of the planets. Thus, As regards Venus, | spots aret' 
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near(\st to the sol^ir eqjj^ator when the heliographical latitude 
of Venus is 0°/ and obvei'sely. ♦ * 

An impoi'tant device for discovering, and also fcA* proving, 
laws of causation, consists in arranging things posjjessing^ a 
common property in S,serial* order, according tp the degree of 
the property. jThua, we may arrange bodies according tci 
* their Iransparency* or Opacity, liccording to Specific Gravity, 
^ €onduction *of H<§at and Electricity, and so on. We are 
th& in a*position to detect any corresponding increase in* 
some accompanying property, and thereby to establislia law of 
doncomitance or •causation. This method is dej?ignatod, by 
Mr. Mill, Classification by Series, a^d by Sir G. C. Lewis, 
the Method of Continuous Comparison. The progress of Life 
^ in the animal scale ; the progress of mental development in 
human beiiigg ; the progress of civilized institutions, as 
Government, Judicature, t3ie Representative System, — may be 
expressed in a series, so as to trace concomitant vafiations. 

Tt js greatly to be desired that, in Physical Science, all the 
substances in Nature should be set forth in distinct tabula- 
tions, according to tlie degree of evftry important property** 
It wds ikvhen transp£^k’ent bodies were arranged in the order •£ 
their refracting power, that the connexion wasi disco/^erod 
between high refracting power and combustibility. 

METHOD OF •RESIDUES. * 

6. The canon of Residues is : — Subduct from any 
phenomenon such part as previous induction has #hown 
to be the effect of certain antecedents, add the residue of 
the plienomenoii is the*ef[ect of the remaining antecedents. 

After a certain progress is i^ade in the inductive determina- 
tion of Causes, new problems are greatly simplified by sub- 
ducting from a complex sequence, the influence of known 
causes. Sometimes this of ^tself may amount to a complete 
eliminatiou Such procedtfre is styled the Method of Residues. 
It is an instrument of liiscovery as as of Proon 

The method is syfiibolically illustrated thus : — Suppose the 
anteceejents A B 0 followed by the consequents ahc; and 
that by previous inductions, we have ascertained that B gives 
fc, and 0 gives ,c. Then by subtraction, we find A to be the 
t5auBe of a. The operation is substantially the method ot Dif- ^ 
ference, ai!ld»has all the decisiveness belonging to that method, 

^ ffiv John Herschel was the first to show the Aaportance of 
studying residual phenomena: His examples are very strik- 
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ing (Introduction to Natural Philosophy, ^ p. 156). Thus, 
the ret g,rdat ion of^the comet of Encke has been the means of 
suggesting, and m^ay ultimately suffice to prove, the existence 
of a resisting uwdium diffused throughout space. Again, the 
observation of Arago — that a magnetic heedle, set a vibrating, 
js sooner brought to rest when suspended over a plate cf copper 
— was the first clue to the disbovery of Magneto-Electricity. 

The anomalies in the motion of Uranir^ led Adams and* Le 
fV errier fo the discovery of NeptuUe. 

The study of the electrical odour was the first step to the 
discovery of^tbe reniarkabie substance — Ozone. 

Sir G. C. Lewis ren 3 fi.rk 8 that ‘ the unforeseen effects of 
changes in legislation, of^'of improvements in the useful arts, 
rifay often be discerned by the Method of Residues. In 
comparing statistical accounts, for example, or other registers 
of facts, Tor a series of years, we perceive at a certain period 
an altered state of circumstances, which is unexplained by the 
ordinary course of events, bat which must have some cause. 
Fpr this residuary 'phenomenon^ we seek an explanation until it 
,is furnished by the incidental operation of some collateral 
C{?use. For example, on comparing the aV^counts of liv.<? Cattle 
and sheep .annually sold in Bmitbfield market for some years 
past, it appears that there is a large increase in cattle, while 
the sheep are nearly stationary. The consumption of meat in 
London may be presumed to have increased, at least in pro- 
portion to the increase of its population; and there is no 
reason for supposing that the consumption of beef has increased 
fhster than that of mutton. There is, therefore, a residuary 
phenomenon, viz., the stationary “numbers of the sheep sold 
in Smith field — for^ which we hav^ to find a cause. This cause 
is the increased transport of ^^dead meat to tjie metropolis, 
owing to steam navigation and railways, and the greater 
convenience of sending mutton than beef in a slaughtered 
state.’ 

The question as to the existence of » special force of^Vitality — 
the vital force, or the vital principle-xrtakes the form of an 
enquiry into a residuum. We have first to make allowance 
for the operation of all the known forces of iuorganic matter ; 
and when these have been exhaustively computed, tne re- 
mainder may be set down to a special influence, or vital 
principle* For anything we know at present, the inoryanio 
forces, operating in the speciahcollocations of organized bodies, 
may be compiitent to produce a|J the observed effects. 

The only proof of an exhaustive Analysis, whether in 
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material actions or in mental processes, is there beipg nothing 
left. Thus, in the Human Mind, it is disputed whether there 
be a separate and uniqua faculty, called the* Moral S'aculty, or 
the^ Moral Sense. J^ow,^ there can be no floubt as to the 
presencg of comjfton elemenJs of Feeling, Will, and Thought, in 
our mct’al judgaienttS tfnd ac^iops ; as, in the case of the^vihd 
.pr^iciple, the ./jues'tion is, what remains, when these are all 
allowed fq;:. The same application of the Method o^i Residues 
occurs in the controversy as to Instincts, and Innate Ideas'^ . 
^oes Experience, concurring with the usually admitted Intel- 
lectual Powers, account for the* whole of the facts ? 


CHAPTER VII. 

EXAMPLES OF THE METHODS. 

T/ie» Experiment^ Methods have been regarded mainly as 
instruments of Elimination and Proof, or of sepamting ^irrele- 
vant accompaniments from causal accompaniments. In their 
working, however, they unavoidp,bly lead to^inductive generali- 
zations, in which aspect they ai'e methods of Discovery. The 
same siarch for instances, the same comparison of them when 
found, both conduct us to new principles or lawt^, and prove 
them when once attained. Still, it was not desirable ?o,keej5 
up the double , illustration throughout. In the miscellaneous 
examples that are to follow, »^ccasional allusion will be jnade 
to the procedure suited to the discovery of generalities. 

The proofs adduced to, show that the mode of action, in 
Smelling, is Oxidation, may be quoted in illustration of the 
Methods. * The phenomenon 'is one of great intejest, and of 
some perplexity. The following important facts were indicated 
by Graham. 

The* sweet odours are due to hydro-carbons, as the ethers, 
alcoKol, and the aromatic perfume®. Now, all these substances 
are highly oxidizable at common temperatures, being speedily 
decomposed in the air. Again, sulphuretted hydrogen, the 
most familiar. of malodorous substances, is readily oxidized, 
aBd is destroyed in that panner. These ar\ instances of 
Agreement (in presence). 
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A farther instance of Agreement is sliDwn in the decomposi- 
tion of hydrogen compounds, in the act of causing smell. 
When a sniall quantity of seleniurett^d hydrogen is inhaled 
by the no:.e. the '’metallic selenium is foupd reduced upon the 
lining membrane of the cavities, l^he sensatio»j is an intensely 
bad sfnell. ’ . " ^ ^ i 

A remarkable case of Agreement in Absence is furnished Ipj 
the marshy gas — carburetted hydrogen. This gas ha^ no smeU. 
Afi the proof of the concurring absence of its oxidation at com- 
mon temperatures, Graham obtained it from the deep mines, 
where it existed, for geological^ ages, in contact with oxygen. 
Again, hydrogen itself, if\btained in purity, has no smell ; and 
it does not combine with oxygen at the usual temperature of 
the Jiir. 

An instfjnce approaching to Difference is the following. If 
oxygen is excluded from the cavitits of the nose, there is no 
smell. Also, a current of carbonic acid arrests the odour ; an 
influence wl\ich may (although not with absolute certaifity) 
be r>upposed hostile to oxidation. 

To make the evidence complete, it is !r(^quisite that all^the 
irif^ances of the effect shouid be of the same unvarying tehor, or 
that there slfDuld be no exceptions. Until every apparent dis- 
crepancy is reconciled, the facts are inconclusive. A seeming 
exception is the pungency of ozone, which is looked upon as a 
more active form of oxygen. Now we can hardly suppose that 
ozone combines with oxygen ; a more likely supposition is 
that, by its superior activity, it combines with the nasal mucus. 

4 * 

The research into the caicse of Dew has been used by Sir 
John Herschel, and again by MivMill, as a happy example of 
experimental elimination involving nearly the Whole of the 
methods. All the stages 'of this inductive determination are 
higlily instructive. « 

‘ T^e first point is to settle precitely the phenomenon to be 
explained. *This is an exercise of Definition, and cad never be 
too rigidly attended to. I'here is some*daijger, in the present 
case, of confounding the effect with certain other effects ; and 
hence the expediency of defining by an exhaustive pont^asL 
Well, Dew is moisture ; but ‘chat moisture is not rain, and not 
fog or^ mist ; it is moisture spontaneously appearing on the 
surface<k)f bodies when there is no visible wetness ip the air. 
In a perfectly clear and cloudless night, there may b*e a copious 
moisture on the surface of the ground, and this moisture is tlf«> 
thing to be accounted for. 
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Now, the problem being given as an eflPect, with the caus6 
unknown, we cannot 'make experiments, imtil a cause is sug- 
gested. This is a pure effort of Discovery^ preparjitory to the 
application of the methddsof inductive proof.^ On the various 
oexjasions when deW appfc^rs, we must look out for^ the atten- 
dant ck*cumsta2ces,^wjth a v^ew to their succej^sive elimination. 
We know, for example, that# dew appears chiefly at flight, 

‘ \Vhich would* suggest some of the circumstances connected 
■v^ith night-fall, as darkriciis, cold, and any of the ccAicomitaij^s 
of these. That darkness is not the cause could be shown if 
* either dew appjgars before supset, or if it ever fails'to appear 
at night. As the last alternative is very fteqtfent, we must, 
so far as the Experimental Methodic are concerned, pronounce 
against darkness. There would then remain the agency* of 
Cold. 

Farther, in this preliminary stage of looking oiit for a pos- 
sible cause, we need riot confine ourselves to the actual pheno- 
mepon. In the conduct of the research, as recorded, much 
stress was laid upon the reference to analogous^ or to 

other cases where mpisture spontaneously appears on surfaces, 
in thp absence of visible wet. All such analogies are valuable 
for suggestion or discovery, in the first instance^ and for proof 
afterwards. They are these : — (1) the moisture that^ gathers 
on cold stone or metal when breathed upon ; (2) the moisture 
on the outside of a tumbler df spring water fresh from the 
well ,jn hot weather ; (3) the moisture that often appears on 
glasses when brought into a hot room full of people ; (4) 
what appears (m the inside of windows whcfh a<# room, is 
crowded, and during changes in the outside temperatu^e ; (5) 
what runs dcfwn our* walls, especially outer passages, when a 
warm moist thaw succeeds ilb frost. All tHese cases correspond 
to the definition ; and then* comparison is likely to indicate 
some circumstance to be subjected to experimental elimination. 
To take the first instanced — the breath upon a cold metallic sur- 
face ; tjie warmth of tbe'air and the coldness of the s^irfac^* 
are obvious accompaniments. S^^e of the others would sug-^ 
gest the same conjunction, while all are compatible with it. 
Now, this is the situation already suggested by the original 
phenomenon, the dew at night-fall. Consequently, we are in 
a position to proceed, ex peri men tally ; we can try the cooling 
down of surfaces under variation of circumstances. , 

An ea^ experiment will tell us whether the cooliftg of the 
^ifurface be a uniform fact, in *the production ^f dew. Lay a 
thermometer on the dowed,grass, hanging another in the air; 
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and repeat this on many successive nights, ^he actual result 
is that whenever a surface is dewed, it'^is colder than the air 
around it. , This is a proof from Agreement ; but proofs from 
Agreement, unlers they can be multip^lied through all nature, 
in ^ill climes, seasons, and situatinns, will not of themselves 
decide either causation, or universal coincidence. 

“By “varying the circumstancjs, we can bring to bear the 
other methods. We may, for example,* try iigreement 'hi 
Absence ;'^that is, make the same appeal to expci'iment m 
tiights where there is ‘no dew anywhere. The phenomenon, 
however, would be found to evffde this test there would be‘ 
cases of actual cooling of surfaces below the temperature of 
the air, and yet without dtiw. Hence the necessity of a dif- 
fer mt course of proceeding. 

Observation reveals to us the fact that on the same night, 
and in thd same spot, some surfac(|s are dewedf, and others 
not. This holds out the prospect of an appe«al to the Method 
of Difference*. On the surface of a plate of glass, there may be 
dew, while on a polished metallic surface, there is none. Unfor- 
tonately, however, such a couple is i.ot siiited to the canon of 
Dii^ereuce. The points of diversity betwe'Jn glass and .^btal 
are too numerous to comply with the stringent requisite of that 
canon. "Wo must, therefore, shift our ground once more. 

It being apparent that the nature of the material enters- 
into the effect, let’ us expose*' a great variety of different 
materials — metals, glass, stone, wood, cloth, &c. We now 
find that there is a scale of degree ; between the extremes of 
ne dew ^Ind copious dew, there is a gradation of amount. The 
enquiry then arises, is there any other property of these 
difierent materials varying in concomitance with their being 
dewed ? Does their temperature (which is the clue that we 
are going upon) change in exact accordance with the amount 
of dew"? There was here scope for a direct appeal to the 
^thermometer. We have not. however, to record the issue of 
such an appeal; the history of the research pursues another 
* and more circuitous route for arriving f\t the conclusion. It 
so happened, that the experiments, begun bjr Sir John Leslie, 
upon the conduction and the radiation of lieat, came in t9 the 
aid of the present enquiry ; and the use made of these is 
sufficiently illustrative of the canons, of Eliniination. It 
appeare^, on the comparison of the various materials, that the 
rate of becoming dewed varies ^inversely with the sonducting 
power of the s^^.bstance ; the good conductors — the metals-\ 
are not dewed, the bad conductor^' are dewed according to 
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their badness as /jonductors. This is the method of Concomi- 
tant Variations ; wha^ it points to will be seen presently. 

It is next desired to ascertain how far difference of surface 
operates, material being the same. The ct^mpariscm shows 
that rough sur§ices*^re m»re dewed than smooth, and blUck 
more J»han wh;te. Jnstead of the direct test of the thermo- 
meter, the appeal .here also is ^to Leslie’s experiments oh the 
rstdiation of neat fr®m surfaces ; those surfaces that are most 
dewed — ^ough and black -••are the best rac^ia^ors of heat. The 
interpretation of this will be taken with the foregoing. 

^ In the meantime, make another variation, namely, for texture; 
compare the compact textures ofmetal, stone, woo5, velvet, eider- 
down, cotton, &c. ; the compact bodies are little dewed, in the 
comparison, the loose bodies, much. Now, as regards heat, the 
loose bodies are very had conductors ; they resist the passage 
of heat through them, an^ are therefore chosen as fclothing. 

Let us now seek the interpretation of these three last re- 
sult^ of Concomitant Variations. The first and tfiird relate to 
bad conduction of heat as a concomitant, the sefcond to good 
siu’face- radiation. Ifow, both circumstances point to one* rg- 
snlJ, j^hat is, surface cooliny^ in a cold atmosphere. A sur:^ce 
is cooled down by a cool contact, but if heat is^ rapidly sup- 
I)lied from within (which is good conduction) the lost? heat is 
made good, and the fall of temperature is delayed, until the 
interior has cooled also. In bad conductors, the loss is not 
made^good in the same way, and the surface temperature falls. 
Thus, bad conductors sooner become superficially cold, in a 
cold atmosphere. Next as to Radiation. The* explanatwn 
here is still more easy. Good radiation is, by implication, sur- 
face cooling ; ^bad i^aaiation, as from a polished metal surface, 
is retention pf surface heat. * We thus come round to the con- 
clusion, which a series of trials by the thermometer would 
have given at once, namely, that surfaces become dewed*ifexactly 
ns they fall in temperature. To all appearance, therefore, we^ 
have established a link of connexion between cooling anckdew. 

Tlie appearance is pot the reality. There is still outstand- 
ing the fact that the same fall of surface temperature will not 
always bring put dew. Neither the same absolute surface 
tenipemture, nor the same difference between the surface 
temperature ^and the. air temperature, is constantly followed 
by a deposit of moisture. We have here obviously o^esidual 
circumsta#ice, whose investig§i,tion should next follow. The 
jft stances where the same thermometric differeuije is unattended 
with dew need to be studied by exactly the same routine as 
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has now been followed. We must look out for the suggestion 
of a possible agency ; and next subject that to experimental 
trial, with .a view to proof or disproof. This residuum would 
have given rise to a very arduous research if it had been left to 
experimental determination. Th©» difficiilty was conquered in 
another wa 3 ^ Already (1799) had Dal ton^ published hu theory 
oT Aqueous Vapour, or the Atnmsphere of Steam, which was the 
missing link in the explanation of Dew. His positions wer6« — 
that the liqueous vapour contained in the atmosphere is vari- 
able in amount, according to circumstances, and that the 
amount is linn'ted by temperature. To each degree of temper- 
ature corresponds a certain amount, which is the saturation of 
the air at that temperature. An amount equnl to one inch of 
mercury is sustained at 80°, half an inch, at 59°. Supposing 
the air saturated at any one moment, a fall of temperature 
will lead to precipitation as visible ^oisture ; but as the air is 
not always saturated, a fall of temperature will not bring 
dew or mist, unless the fall extends below the degree corres- 
ponding to 'T^aturation, called the temperature of the Dew- 
point. This is the residual circumstance, the thing wanted to 
copiplete the proof of the connexion of de>r with surface (!jbld- 
ness. . ^ 

The present instance is a case of Cause and Effect ; as may 
be shown in various wavs. In the way that the case has been 
stated, there is not apparent any transfer of energy^ which is 
the best criterion of causation ; but underneath the appearance, 
we find there is such a transfer. Heat is necessary to convert 
water iTito steam, and this conversion is an instance of the 
transmutation of power according to a definite rate of exchange. 
The withdrawal of the heat is followed by the re-collapse of 
the invisible vapour into water or visible moisture. So that 
the production of dew is clearly a sequence under the great 
law of transferred energy. Other proofs of causation are dis- 
pensed with by this decisive consideration. Mr. Mill, however, 
remarks, as a distinct criterion of wcause and effect, as..well as a 
means of settling which is cause, and wljdch is effect, that cool- 
ing is a consequence of known and indepehdent antecedents, 
and therefore cannot be set down as consequent on the occur- 
rence of dew. 

The i^ext example is of value as showing the Experimental 
Methods in their purity, or in. the absence of all« deductive 
applications op laws, such as completed the enquiry into ine 
cause of Dew. 
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Oa the 16th of May 1861, Dr. Brown-Sequard delivered the 
Oroonian Lecture before the Royal Society, and ^ok for his 
subject tli6 ‘ Relations ^between Muscular. Irritability, Cada- 
veric Rigidity, and Putrefaction.* In this he adduced ’facts 
to maintain the,follov{ing ‘position : — 

‘ The* greater Jthe deg^'ee of muscular irritahility at the time of 
^ deaths the later the cadaveric Agidity sets in and the lorfger 'it 
la^ts, and the'* later ulso j^utref action ajppears and the slower it 
progresses* ^ 

^ By muscular irritability is meant muscular powdr or apti-' 
tude for contrasting. A man fresh in the mcjrning for his 
day’s work would be said to have a good store of muscular 
irritability : at the end of the day's work, the stock is com- 
paratively exhausted. It would of cburse be still more ex- 
hausted after protracted fatigues continued through many 
days. » * 

.The cadaveric rigidity is a stifiening of the muscles that 
occars in all animals some time after death. Ttfe time when 
the stiffening begins, and the duration of it, are*variable, and 
Dr.^ Brown S^quard iries 'to establish the law or cause or coy- 
ditioii of this varidftion. This he does by a series of obsei;va- 
tions, whose force will be appreciated by noting, how fjir they 
comply with the exigencies of the experimental methcrtls. 

First set of Focpervnients. — Paralyzed muscles. Here he has 
two connexions to establish, in order t6 the end in view. 
He ^i^st shows that the paralysis of a muscle leaves it for a 
time with more irritability than the unparalyzed or exerted 
muscles. He paralyzed the muscles of ^ne leg in ^ dog, fey 
section of thy nerve^ Pive hpurs afterwards the &og is 
killed (by asphyxia). In tl^ paralyzed mqscles the irritability 
lasted ton hours ; that is, ij> was possible to induce contrac- 
tions in them (by stimulants) up to,that time. In the healthy 
leg, the irritability lasted only four hours ; in otheP words 
was very much less. lif(\w compare the results as regard^ ^ 
Rigidity* and the delay df Putrefaction — ^ ^ 

OJiiration of irrit. Duration of rigidity. co^^f^ceT 
Parq,lyzed M. . '10 hours 13 days 17th day. 

Hdhlthy „ 4 „ ^ 5 „ 7th „ 

Here thends an experiment clearly of the nature of Differ- 
ence ; for two legs of the same animal were compared, and 
tjie only ^difference was the paralysis of one of them. It is 
«true, as in all cases of vivisection, that an ex^^riment of Dif- 
ference must always be ’^received with caution, seeing that 
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other changes may be made by the means taken to produce 
the difFerence. Y^, at all events, here is a strong presumption. 

The docitt’ine is confirmed farther by another aspect of the 
paralysis. If an animal is allowed to live a month after 
paralysis of a member, the paralyzect mu&les are then infel ior 
in irritability, and when compared under those^ circumstances, 
they become rigid and putrefy •sooner. 

Second set of Experiments, — Effects of ^ diminution of t^nu 
parature iJtpon muscles, — Dr. Browb-Sequard had determined, 
by previq'QS experiments, that cold increases the vital proper- 
ties of the nerves and muscles — a fact on which the stimulating 
power of cold upon the animal system depends. He now 
applies this fact to the enquiry in hand. 

Two kittens of the sdme litter were placed in different tem- 
peratures. After death, the following differences ,were discern- 
ible. The^one, kept at a temperat^ire of 98°.6, assumed the 
rigidity in 3| hours ; this lasted three days, putrefaction 
commencing in the fourth. In the other, which had been kept 
so cool, that '"a thermometer inserted in the rectum stood at 
the rigidity was delayed till Kqo 10th hour, and lasted 
nirve da 3 "s, putrefaction commencing«on the tenth. This oxfferi- 
ment was repeated with many animals, and is also an experi- 
ment according to the Method of Difference. This is the 
general principle of the fact known in hot climates, that the 
dead putrefy almost immediately after death, and must be 
interred without a moment’s delay. The relaxation of the 
vital powers in hot climates is only a part of the same fact. 
The fulkexpfanation, of this point, or the resolution of the law 
into still higher laws is not yet fully made out. 

Influence of deatji hy lightning and galvanism, — It was 
thought by John Hunter that animals killed by lightning did 
not stiffen. This has beeg found not the case. Still there are 
instanci'es where the rigidity has either not set in, or been of 
§0 short duration, that its existepce has not been traced. 
Lightning may kill in various ways i-^lst, By fright ;» 2nd, By 
haemorrhage*; 3rd, By cond^ssion of thp brain. In all these 
three modes, there ought to be a manifestatfon of the rigidity. 
But there is a fourth mode, which is tb convulse all. the 
muscles so violently as utterly to exhaust their irratibility *; in 
which case the rigidity may fail to be noticed. This is the 
way tha^i galvinism acts upon animals. 

Experiments were accordingly tried by galvanizing the 
limbs of RabVts ; comparing the galvanized with the unr 
galvanized limbs, with respect to the tinde of rigidity. 
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Galvanized Limb, Not Galvanized# 
Duration of Irritability, 7 to 20 minutes. , 120 to ^00 min. 

„ , of Rigidity, 2 to 8 hours. 1 to B elays. 

Putrefaction advanced^ within a day. Aftc^r several dfjcys. . 
The experiments Were repeated on dogs with the very salne 
results.* * # *• # 

Also, guinea-pig^ were subjacted wholly to galvanisnf, but 
•in •different degrees. In those powerfully galvanize'd, the 
instability lasted a short tilne, and the rigidity was corresponds- 
ing rapid and brief. With a less degree of galvanism, the time of' 
looth phenomena* was protraeiied. We have, therefore, an 
additional corroboration of the law, still by Ihe powerful 
Method of Difference. 

Influence of prolonged muscular exeitise, — This, of cour»e, 
is a cause of diminished irritability. Now, there are well- 
ascertained facts that coiyiect prolonged exertion %ith rapid 
putrefaction. Over-driven cattle and animals hunted to death 
puti;ify speedily. So in cocks killed after a figli*t. Soldiers 
killed in a very prolonged fight show the same phenomenon. 
The rigidity is quickl}^ ov«r, and the*putrefaction rapid. ' ^ 
Tliqse are instainfes of the Method of Agreement. ^ ' 

Influence of nutrition on muscles, — Dr. Br(^wn*S^quard 
here collects confirming instances, from the comparison of 
cases where death happens in a well nourished condition of the 
muscles, with cases where death’had been pi’bceded by inanition. 
Thus, .when men strong and fresh have been killed suddenly, 
the rigidity and putrefaction have appeared very late. A case 
is recorded of muscular irritability continupig twenty-six houwi 
in a decapitated man. 'Here is Agreement in presence. 
Compare thos^ instances with others of persons dying of slow 
exhaustion, j^nd the appearapee is reversed. A man dying of 
prolonged typhoid fever, for example, was found to show no 
trace of rigidity, and putrefaction commenced in less than an 
hour. This is Agreement in Absence. ^ 

Influence of Gonvulsims on rigidity and putrefactiom — It 
appears that muscles piuch attacked with cramps before death 
speedily give way to putrefaction. 

Certain poisons (as strychnine) sometimes produce con- 
vulsions before death, and in those cases the rigidity and 
putrefaction progress rapidly. 

Such is an ample body of evidence from observa^n and 
experimfer^t to establish the position laid down. The Methods 
pf Agreement, of Difference, the Joint Method, ^nd the Method 
of Variations, have been cflt brought into play. And if there 
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( 

are any doubts about the decisiveness of the experiments on 
the Method of Difference, from the po'ssibility of making other 
cha’iges \iesides the one intended, these doubts are dispelled 
by the coincidence of results from'* so many distinct experi- 
ments. The research is purely J^iductive. No consideration 
of a Deductive kind has been introfiiiced ; although there 
are 'general considerations tkat give great probability to the 
conclusion. Muscular irritability is tlm living condition 
^pf the itiuscle — its vitality — which may be greater or less ; 
and the. greater it is, the longer the muscle will retain its 
living characters, or the longer it will be^ in passing to the 
characters 6f death, which are rigidity and putrefaction. 
These, therefore, are delayed by fulness of vitality ; while loss 
qf vitality hands the system over all the sooner to the 
destroyer. 

When we form conclusions, on an insuflScient employment 
of the methods of elimination-, we commit Fallacies of I^duc- 
tion. Of these, numerous examples might be given, and the 
proper place for them isr,iri the course of the exposition of the 
'Methods themselves. As it is st?ll the ^custom, how^vbr, to 
retain, in works of Logic, a separate chapter or book on 
Fallacies, we shall reserve for that part of the subject, the 
instances of Inductive fallacy# 


CHAPTER VIIT. 

FRUSTRATION OF»THE METHODS. 

1. ®in the Inductive Methods as hitherto contemplated, 
two conditions have been supposed ; first, that an effect 
has* only me cause, or sf t of antecedents ; secondly, that 
different effects are kept apart and distinguishable. Both 
conditions may be wanting. 

In the method of Agreement, for example, it is assumed, that 
the e*ffect a has only the 'cause A ; should A and C both be 
causes^ the method would be defeated. The absence of A 
would hot prove that it is no| a cause ; for the e/ffect might 
etill be due t(^C. The special difficulties attending this ca,^e 
must now be considered. 
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Again, the effeqts ah c are supposed to stand out distin- 
guishable. They may, ‘however, be fused tor united in one 
simple effect 2 a c, or d a. This is the Interntiixture 9 f Effects ; 
and is still more baffling ?o the inductive metl>ods. as hithbrto 
givdh. 


PLURALITY QF CAUSES. 

* 5 . Ill njany instances, ijhe same effect is produced* by a 
PLURALITY OF CAUSES : as Motioii, Heat, Pleasure, '’Death, o 

* Bodies are put in motion by all the different agencidfe termed 
Prime Movers — animal strength, wind, water, st8am, combus- 
tion (as in gunpowder), &e. Finding a body in motion, 
therefore, we cannot ascribe it to any special agen^ 
from the fact that it is in motion : we sge a wheel turning and 
doing work, but we may not be able to attribute itsmiotion to 
one agent rather than another. In like manner, there are 
varigus sources of Heat ; the solar ray and combustion are 
the most familiar ; but friction and electricity are also sources. 
Hence the fact of the^evolution of hejit does not point out ihe 
caus3b as an example, uncertainty still attaches to the immedi- 
ate antecedent of animal heat. ^ 

There are numerous causes of pleasure and of pain ; nume- 
rous modes of stimulating the nervous system ; numerous 
agencies of good health and of bad health j* numerous ways of 
getting a livelihood ; numerous causes of death. 

It is to be noted, however, that the plurality in some of 
these instances is on the surface only. As regardt? Motion, thj? 
law of the Persistence of Ibrce assigns a common origin* to all 
the so-called piMme movers j these^, thereforq, are 'proximate^ and 
not the ultin^te sources. The same law Severs the produc- 
tion of Heat, however various the apparent antecedents. The 
causes of Pleasure can be generalized into a small number of 
agencies, if not into one. * Possibly all stimulants may, in the 
last analysis, be found to have a common effect on the, sub-* 
stance of the nerves. ,The ways to Wealth may bb apparently 
many, but we can ‘cover them all by one general expression,— 
earnyjg and sawing*. In Health and Sickness, there might 
possibly be generalized expressions of the many proximate 
causes. So ^vj^ith Death, 

Nevertheless, for practical purposes, we have to a^scertain 
not simply the primal cause, pnt the special embodmient of 
^fiat cause, on a certain occasion. It is not agough, when a 
man is found dead, to assfgn the stoppage of tne heart, or of 
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the lunge, or the extinction of the vital forces ; we desire to 
know in what form and circumstances these generalized causes 
were specialized ; whether by cold, by inanition, by poison, by 
mechanical violence, or otherwise. * 

*^3. The chief consequence of^l^lurality of Causes is to 
fms|;.rate the Method of Agreeinent. ' ' 

The Method of Difference remains intact. Whatever be the 
plurality of causes of motion, if we‘observe the intrcfductioh of 
some one agent followed by the effect, we know the cause in 
that instance. There may be ^many ways of keeping up the^ 
animal heat, ‘but the transition from the tempoiature of (50° to 
30°, by causing an immediate sense of chilliness shows that the 
external temperature is essential to comfortable warmth on 
that particular occasion. 

The operation of Plurality is to give uncertainty to the 
Method of Agreement. For example, we observe numerous 
cases of urrliealtliy human beings whoso parents were, un- 
healthy ; this would be to a certain extent a proof from 
Agreement. On the othw* hand, many unhealthy persons are 
<he children of perfectly healthy parents ; <;vhence, concluding 
by' the strict rule of Agreement, we should affirm that 
un healthiness in the parents is in no case a cause of unhealthi- 
ness in the children ; that the two facts are not in any way 
-connected as cause and effect.’ The conclusion is obviously 
wrong ; it would be correct were there only one cause of ill 
health ; it is illegitimate if there be many causes. 

, Plurahty ' is illustrated by our English spelling. The 
metho’d of Agreement is nullified iu this instance. In certain 
words, the letters ough agree with a peculiar sound, as in 
‘ rough.’ The same word occurs with other letter,*?, as in ‘ruff,’ 
and the same letters occur with a different sound, as in ‘bough.’ 
Whenee, by the Method of Agreement, we should infer that 
there was never any connexion between either sound and 
' ough.’ A similar illustration is afforded by ambiguous 
words. Th^^word ‘air’ is ipoken in coippany with a musical 
melody ; at other times it is spoken where there is no music; 
any one unprepared for plurality, and following out Agreement, 
would conclude that the ccijnexion with music was 'purely 
casual^ that there was no «fixed bond of union ^ between the 
two. We acquire the meanings of the vocables of our language 
chiefly % the method of Agreei^ent, We graduallyceiiminate 
all accompaniinonts that may be absent consistently with tbe^ 
employment of each word. We ‘ find, after a number of 
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repetitions of the word ‘ fire ’ in various connexions, that the’ 
one fact common to alf is blazing coinbusti^^n with heat. We 
learn in course of time to extend the word to metaphorical 
significations. These bmng conjunctions of pure co-existtence, 
without causation, fliey cr.nnot be dealt with by ^ny other 
methq^l^ while Ihe occurrence of plurality, even when under- 
stood and allowed for, is a serious and painful distractitou to 
’ tlfb inductive procers. 

Again, ^ p ressure on the^' l^ain^Js a cause of insr^nsibility ; 
^et, as we fi ri d mse n siBiTity where theref has been no- pressure,' 
we should say, according to Agreement, that presstre is not 
a cause. In the same way, every one of the cahses might be 
proved not to be a cause — deficiency of blood, excess of ’dark 
unhealthy blood, rupture of the nervotis continuity, &c. 

Extraordinary facts have come to light showing the possi- 
bility of exerting the mental powers, under disease of very 
large portions of the brain. These facts would seem to 
pro*re that such parts have no share in the men Dal functions. 
The safer inference is that there is a plurality of nervous seats 
or tracks for the same functions. It has long been supposed 
thal ^he two hemispheres have common functions. ^ 

The discussion of the problem of Beauty is often rendered 
fruitless by the neglect of Plurality. The attempt is made to 
assign some one circumstance present in all beautiful things — 
as Colour, Harmony, Fitness, Unity, Suggestion of Mental 
qualities. Now, by the unqualified method of Agreement, 
every assignable circumstance could be disproved ; with refer- 
ence to each one in turn, would it be popible t& find objects 
of unquestioned beauty where that one is not present. Jeffrey 
thinks it a s'ufl^cient refutation of the theories he opposes, 
to produce beautiful objects jyhere the alleged source of beauty 
is absent. 

4. The counteractives to the failure of Agreement, in 
the casf of Plurality, ,aife (1) great multiplication of in^. 
stances, and (2) Agreement in absence, that is, the Joint-^ 
Method. 

(1.) One remedy for the failure of the Method of Agreement, 
xintler* Plurality, is muUvpUcaiion of instances. Tins will * 
operate in various ways. It will tend to bring out all the 
eauses ; which is one desirable issue of Plurality. An ex- 
tended *sftatjgJicsofCr^^ show ns the pos- 

►sible ageficies, by ^ving a wide scope for elijiaination. The 
long experience of medfieal practitioners has taught them 
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nearly all the possible causes of the greater number of 
diseases. At this ^tage of exhausted jfluvality, the only point 
for enquiry, in the special instance, is — Which of' the causes 
are present, and^are these free to opefate ? Knowing, all the 
contributing causes of Pauperism, ash5 which of these occur 

in England, in Ireland, or in Scotland- ^nd are they»free or 
nncornteracfced ? Being awai»e*of the various antecedents of 
dyspepsia — bad food, too much food, too little food, hard laboUr,. 
I want of exercise, intemperance, mei<<tal wear and teat, bad air, 

I a hot clirrate, &c. — we can judge what brought on the disease 
\ in a given instance. ^ < 

' If we do ih)t know which causes are present on a given 
occasion, and whether those actually present are counteracted, 
mere Agreement is wholly fallacious. The fallacy named 
/ioc, ergo propter hoc, io^an abuse of Agreement, where elimina- 
tion is vitinted by Plurality, as in a^reat number of political 
inferences. It is remarked that Protestantism is accompanied 
with superior industry ; the instances attainable are insuffi- 
cient in number to eliminate other causes. 

(2) The other remedy iskthe Joint Method. We should seek 
cff.it cases of Agreement in a&sewce, which are of a very decisive 
nafure. If in all cases wiiere a particular effect fails, one par- 
ticular '’causers absent, there is, in spite of possible plurality^ 
a strong presumption that the two circumstances are cause 
and effect in those anstances. ' The reason grows out of that 
close approach to the Method of Dificrence furnished by 
Agreement in ab.sence. Although there are various causes of 
li^ht, yej thoiuuion of agreement in presence with agreement 
in absence is sufficiently decisive of the connexion of light 
with a high temperature. The special connexions of light 
with Zew; temperatuie are not de'nied ; they are ^admitted as 
exceptions to agreement in absence, as a residuum to be ac- 
counte(J,for. We know one cause thoroughly ; we find there 
are other causes, as yet imperfectly ^nown, which have this 
<sr.ncertainty, namely, that a body at the common temperature 
iof the air may possibly be Iqjninous. 

THE INTERMIXTURE OF EFFECTS. 

5. The Methods of Elimin,ation suppose different effects 
to remain separate and distinguishable ; whereas cases 
arise where the effects of different causes unite in a homo- 
geneous total. 

When, in an ' aggregate phenomenon, distinguishable ante- 
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cedents produce distinguishable consequents — A B 0 giving ' 
a & c, and A D TE giving a d e, the expe^^imentai methods 
operate to .advantage. The combination of wind^ rain, and 
increased temperature, pPoduces a combination^ of distiiigfiish- 
able effects — waves oit the tfqrface of water, flooding of streams, 
the sensation of^rarpiih. 

In other caseS, and these veyy numerous, the effect of the 
’seiperal causes* is bpmogeneous, and is merely increased in 
anfount by the concurrence. The sea is fed by ini»umerab|g 
rivulets. The wind often concurs with tidal agency, so as 
to produce a higjjer tide. A bpdy propelled by sevefal prime 
movers, as when a train is ur^ed by Jh locomotive engines, 

shows only one efiecb, v^bcity of "movemenfr^TThe^in 
path is a resultant of the attractive forces of the sun a^d 
the earth combined with its projectile movement. The path 
of a comet ief the resultant of many influences ; ii does not 
bear on the face of it the story of them all. An invalid repairs 
to Isome salubrious spot, and plies all the means o& restoration 
to health; many influences combine to the result, but the 
efiect is one and indiyisiblg. ^ • 

instill more perglexiug situation is the conflict of opposing 
agencies. In an equal balance nothing is seen, and yet grlat 
powers have been at work. In unequal contests theriTis an 
effect ; but that effect does not suggest the fact of conflict. A 
trader has a net profit at the end of the y»ar ; the statement 
of that profit, however, gives no information of his expenditure 
and receipts. The patient may be under various heaUhy 
s timulants , each working”Tts~pf6per *eflfec^ f btf^si^e" o^ 

noxious agency may counteract the whole.* 

“l^atural agencies dafl ’he^^ they may be 

counteracted by Apposite agfents. The foite of gravity is not 
interfered with when a ballocfa rises, it is merely opposed by a 
greater force ; it still operates but in la different form. Ipstead 
of causing the usual appearance, namely, the descent of bodies 
to the grgund, it operate diminish the effect of an upward ‘ 
force, the buoyancy of the air (itsglf an indirect consequence 
of gravity). • * 

A counteracted fcft*ce is technically said to exist in tendency. 
There is a tendency in all bodies to descend to the ground ; in 
water to find its level in the mooi\ to move towards the^arth, 
and towards tbe sun. There is a tendency in human beings to 
seek thek* .own interest ; in despotic sovereigns to ab^e their 
gcfwer. The tendencies are not* annihilated whep they fail to be 
realized; theyare only counteyactedby some oppo^ngtendenoiest 
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A farther circumstance working to invalidate the operation 
of the methods is ^he mutuality of causV and effecL In political 
causation,, this is illustrated by Sir G, C. Lewis as follows : — 
‘Jt iiappens sojnetimes that when ^ relation of causation is 
establisfifed between two facts, it i8 hai:(^ to decide which, in 
the given case, ‘is the cause and which the effect, becaiise they 
act £:nd re-act upon each otl>er, each phenomenon being in 
turn cause and effect. Thus, habits of imlustry may produce 
wealth ; while the acquisition of ^fillirirhay industry : 

again; habits of study may sharpen the understanding, and 
the incr^aseT^cuteness of the understandihgliiayllTterward^* 
increase the ‘hppetite for study. So an excess of population 
may; by impoverishing the labouring classes, be the cause of 
their living in bad dwellings ; and, again, bad dwellings, by 
deteriorating the m\ral habits of the poor, may stimulate 
populatiorr. The general intelligence and good sense of a 
people may promote its good government, and the goodness of 
the government may, in its turn, increase the intelligence of 
the people, and contribute to the formation of sound opinions 
anKJTig them. Drunkenpess is in general the consequence of 
h low degree of intelligence, as may be observed both fj/mong 
savages and in civilized countries. But, in return, a habit of 
drunkVnness* prevents the cultivation of the intellect, and 
strengthens the cause out of which it grows. As Plato 
remarks, education improves nature, and nature facilitates 
education, National character, again, is both eflcgt and 
cause ; it re-acts on the circumstances from which it arises, 
^rhe iia^ion^ peculiarities of a people, its race, physical struc- 
ture, climate, territory, &c., form originally a certain character, 
which tends to create certain institutioi/s, political and domes- 
tic, ih harmony ^ith that chdracter. These institutions 
strengthen, perpetuate, and reproduce the character out of 
wbichi*they grew, aud s6 on in succession, each new effect 
becoming, in its turn, a new cause. Thus, a brave, energetic, 
*rest]^ss nation, exposed to attackTrom neighbours, .organizes 
military instttutions ; these institutions promote and maintain 
a warlike spirit ; this warlike spirit, again, assists the develop- 
ment of the military organization, and it' is further promoted 
by territorial conquests and ^success in war, which may be its 
result%-each successive effect thus adding to the cause out of 
which it sprung,* (Methods of Politics, I. p.,37^). 

6. The Intermixture of Effects is a bar to* the Expe^’i- 
mental Methftds. 


EXPERIMENTAn^METHODS. 
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If A B 0 D conspiye to yield, not abed, but a ; and if 
A B C F yield still a, nothing is eliminateS, there* is no pro- 
gress. Ii a were precif ely measurable, and if it^ variations 
corresponded definitely to, the removal of p^rtioulaj?* agents, 
the ’Method of JDiffertnee Vould cope with the case : the 
omissiari’of AfQjlowdd»by the reduction of a to f a,* woujd be 
’ a jjroof that A^produced a. * But the Method of Agreement, 
in .its proper character of, varying the circumstanpe by ex- 
cluding some agents and including others, could not furni^ , 
j, decisive proof, so long as a represented the sum of several 
effects. • ♦ , 

Now, as in many departments, effects are thus inextrioably 
blended, we should be at a stand-still, yvere we not in posses- 
sion of some method more searching th^ Agreement. Even 
in the Inorganic Sciences, as Mechaniih and Cherpistry, we 
have this complication ; ki Biology, Mind, and Society, we 
have it still more. A goo d crop is a single effect the agency 
may 4)6 multifarious! A voluntary action may bg the result- 
ant of several motives. The rise and fall of prices, the genetf*al 
prosperity of a country, the mcreafe of population, seldon* 
depend on one caule exclusively ; yS fhe^elfecF in' each cjIbo 
is, to our eyes, homogeneous^ • ,* 

Concomitant Yariations is the only one of the Methods that 
can operate to advantage in suph cases. Jf a cause happens 
to vary alone, the effect will also vary alone, and cause and 
effect tnay be thus singled out under the greatest complica- 
tions. Thus, when the appetite for food increases v^ith the 
cold, we have a strong evidence of connexion between .tho^ 
two facts, altl^ough other circunjstances may operate in the 
same direction. , , S . 

The assigning of the respective parts of the sun and moon, 
in the action of the Tides, may be effected, to a certain,degree 
of exactness, by the variation of the ainount according ^o the 
positions of the two attracting bodies. 

By a series of experiments of Concomitant Variatigns, directed 
to ascertain the elimination of nirt’ogen in the human body 
under varieties of n:\uscular exercise. Dr. Parkes obtained the 
remaiskable conclusion, that a muscle grows during exercise, 
and lose’s bulk during the subsequent rest. 

• • 

• For the first of the difficulties now illustrated-— Plurality, 
w\th the’a'^gravation of counteracting influences — an import- 
ant instrument remains, an additional Method ol Elimination, 
termed ‘ Elimination by tnfe Computation of Chance.’ • For 
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dealing with the same uncertainty, and for the still greater 
(and ofberf accorri^anying) uncertainty of Intermixture of 
Effects, the chief resort is to Deduction The two' next chap- 
ters will be occiipied with those two subjects. 


CHAPTER IX. 

CHANOE, AND ITS ELIMINATION. 

" 1. An important r^}source in eliminating the irrelevant 
antecedents or aceC^paniments of an effect is obtained 
through tlie calculation of Chance or Probability. 

This is to approach the problem of Induction from a novel 
aspect. Instead of varying the circumstances so as to precure 
the absence of the several antecedents A B C in turn, we 
^consider whether these agents mig^ht not be present of them- 
selves without any regard to the effect in question. Thus, a 
person, dies at midnight, when the sun is below the horizon 
and due north. Now, seeing that this event happens every 
twenty-four hours, as a consequence of cosmical operations, it 
must come round and must coincide with a great many 
things that happen on the earth. The fact of such coincidence 
is not ^f itself held as proving causation or regular concomi- 
Tance» with everything that happens at that time. Before we 
presume a concurrence of causation between iwo coinciding 
things, we enquire whether the two things are not equally 
liable to concur, whether connected or unconnected. 

Tbj^. mght that Oliver Crpinwell died, a great storm devas- 
tated London.^ The coincidence might affecF*Ehe muTSis of the 
‘ superstitious, but t here was no ^roof of causal cpnnpicion. 
Eac*(i eventv.greW" 6ul dTits o^ independeht series' of causes 
and conditions ; the one was a consequence of the bodily con- 
stitution and manner of life of Cromwefl ; the other was a 
consequence of the laws of the atmosphere. ‘They concurred 
in time, and that is all that should be said regarding theih. 

Every event of every man’s life must concur with some one 
position of the planets, on the supposition of their being no 
connexion whfitever. Hence, such concurrences .pr6ve nothjpg 
at all ; they ure left out of account without even the trouble r f 
elimination. 
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There are cortain cases, where a cause fails to produce its 
effect, being counterafited by some other icause. « A B C is 
followed by 6 c from which the inference, by .Agreement 
would be, that A is notT}be cause of a. BarV: is administered 
to ?i patient in ^ue, bpt tlio symptoms are not alleviated. The 
strict application of, the Method of Agreement would lead to 
the inference tnat. bark does* *ot cure ague. Yet wo db not, 
in practice, lo*se faith in medicines from individual failures. 
\^e are prepared to encounter exceptions to cases ^f compji- 
^cated causation. The question then co*mes, how fa? is this tc/ 
go ? How are we to be sure# of causes at all, if they fail to 
work their effects? What difference can we *draw between 
such instances and mere accidental concurrences ? 

The theory of Chances, or ProbabiKties, applies to both the 
situations n(jw illustrated ; — the droppifig without the trouble 
of elimination what woul/l be present whether another thing 
vverc present or not; and the proving of a causal agent, 
although not unifoi*m in producing the proper efftjct. 

2. A chance coincidence is one where tlnre is no implied 
connexion of caiysS an4 effect, of one that would *be the 
same* in the absence of any such connexion. • • ' 

Instances have been already given, and could be mhltiplied 
at pleasure. A person walking on the sea shore at a certain 
hour every day, will, on a given day, walk at low water ; but 
the Concurrence is said to be a chance concurrence, as the 
person’s walking is not in any way regulated by the state of 
the tide. On the other hand, the conctpTence with*the tiiate 
of day is not^chance^ There is^a concurrence in both cases ; 
the one without cause, or ^ matter of chjince, the other with 
a cause, and not a matter o^ chance. 

If it is proposed to enquire wl\at coincidences are due to 
chance and what not, the method is dictated by the *sb-called 
rules of Chance. , , ^ 

Comifion sense suggests the principle of the solution? We\ 
know that low tide# coincides w!th a certain hour of thp day* 
twice a month. If, on a long average, the coincidences of low 
tide. and the person’s walking on the shore happened exactly, 
twice *a month, we should say the relationship is ^casual, 
accidental, or without any link of causation; for on the suppose 
tion of there being no connexion, this number of coincidences 
plight bdfcui: through the laws of tides. If, on the other hand, 
the two facts coincided daily, we should presufl^e a coincidence. 
Mo: cover, even if it did not qcqur daily, but once or twice a 
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week, this would be more than chance would account for, and 
there would be a presumption of a ca'usal connexion, which, 
however, is liable to be defeated or counteracted. - 
■ So with the opnnexion between the walking and the hour 
. of the day. Suppose the person iright y^alk at any time dur- 
ing fifteen hours of the day, he would,, by mere chante^ walk 
duriilg any particular hour, oiiKje every fifteen days on a long 
average. Jf in fact, some one hour coincided with the walking 
oply oncedn sixty days, there woufd be proof of an' influence 
hostile to' going out at that hour; if at some other hour, the 
walking occurred six days in reven, there would be proof of^ 
positive connexion with the said hour. 

These obvious considerations are reduced to principles and 
ru* es in the logico- mathematical science called the ‘ Doctrine 
of Chances or Probabilities.* 

4 

3. The principle is as follows Consider the positive 
frequency of the phenomena themselves, and how gi^eat 
frequency of coincidence must follow from that, supposing 
' there i*s neither connexion nor repugn|ince. If there be a 
grggter frequency, there is connexion ; if u less, repugualice. 

Thi^-may be called the genei'a! case, as distinguished from 
certain modified cases to be stated afterwards. 

If we find from observation (i:,uffieiently extended to genera- 
lize the facts) that A exists in one instance out of every two, 
and that B exists in one instance out of every three ; then, if 
A and B ar^ wholly indifierent to eacli other — neither con- 
nected nor repugnalht — the instances of A and B happening 
together will be (in the Arithmetic of" Chances) one out of 
every six, on a suflioient average.' If, really" the two co-exist 
oftener, there is connexion ; if seWomer, repugnance. 

By fhis method singly, ''could we determine a connexion of 
cause and effect in the instance of rroiri occurring with a par- 
r'iiicul^ wind, say the South-West. "'Xiie experimental^methods 
S fail in such«,n instance, ft is well remarked by Mr. Venn 
(Lo^ic of Chance, p. 127) ‘that in Proliahility we distinctly 
take notice of, and regard as evidence, reasons so faint that 
they would scarcely be called by any other name than irere 
hypothesis elsewhere ’ . 

In the Chinese astronomical observations, frequent entry 
was ma^e of new stars ; and by far the larger nnmbpr of these 
appeared in tbq milky way. The coincidences implied some 
law of connexion, but no such Jaw was suspected by the 
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Chinese astrono\ners. We now know that the milky way 
contains the great mass of the stars of cAir galafxy ; conse- 
quently all changes coynected with the stars wmll be most 
numerous there. The circumstance has been adverted to as 
an* important qonfiruiatior# of the accuracy pf the Chinese • 
aBtroiv>fnical records. » 

In the generaliKations of cTc^inhering attributes, in Pfiysics 
aqd in Chemistry, there i{= often a want of perfect agreement 
in the delails : yet the agreement is too extensive* to be the 
^product of chance, and hence wo must 'admit the existence of 
a law, which, in» the complications of the phenqpeiia, is occa- 
sionally crossed and counteracted. It is a law that the. alka- 
line bases are oxides of the metals ; a remarkable exception 
occurs in ammonia. The law does not become waste paper 
because of tljis exception. The coincidence is one that mere 
chance cannot account fgr ; and some way has t5 be sought 
oi^t to reconcile the discrepancy. Perhaps an expression will 
be found that will ‘apply alike to ammonia and to the other 
alkalies. The discovery of a metal in ammonia has been 
looked to as a solution of*the dilficuhy. ^ 

ilMiy genera of* plants* are centralized in definite geogpra- 
phical areas, Erica ^ for example ; the species btyng CQllected 
within a certaffRract, at some one point of which Ihere is 
found the maximum number of species. As chance cannot 
account Ibr such localizations, the endeavour is madeUo trace 
out laws of connection (cause and effect) be tween the plO’Qfs 
a nd the locali ty. , 

In the controversies raised on the sujbject of Phfeqology, 
the opponents of th^ system hqve considered that they dis- 
proved it by instancing decided exceptions/to the phrenological 
allocation ofi faculties — case|i of mathematicians with a small 
organ of number, or musicians with a small organ of tune. 
The facts supposed, however, are not conclusive agaihst the 
system. For, in the first pjace, the disproof of the coincidence^, 
alleged, •in respect of due or two faculties, or any imtnber,? 
would not disprove «11 the rest,* But, in the second place, a 
few exceptions wquld not thoroughly disprove the alleged 
connexion ; they would only disprove its unfailing uniformity. . 
Thb phrenologist could still r«treat upon the principle we 
are now discussing j for, if the coincidences of a certain 
distinguished mental aptitude, — as number, music, ,X5olour — 
with tfie'uqusual size of a certain region of the head, were 
*more frequent than it would be on mere cB^ncei or in the 
absenoj of all connexion,* he would be entitled to ipfer a 
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relationship between the two. No doubt, the practical value 
of the faciis woul'd be very much lowered by the supposed 
relationship being frequently defeated ; still, the bond must be 
considered as e^iiablished. In this view, an extensive series of 
observations on the size and form Df the '^humn.n head, and on 
the accompanying mental qualities, if' reduced to a fetitistics 
of comparative frequency, couW yield indicatioijis of the loca- 
lizing of mental functions, if such \e the Actual case. 

The homoeopathic maxim ‘ similia similibus curahtur,* may 
De subjected to the same criticism. Exceptions do not nullify 
the principle, although they reduce its value as a guide. Both 
this and the opposite maxim (‘contraria contrariis curantur ’) 
may hold in nature. The coincidences in both cases may be 
greater than chance ^ould account for. 

The prevalence of the different forms of Chrstianity after 
the Reformation shows a coincidenr'o with Race that chance 
would not account for. The Greek church was propagated 
principally in the Slavonic race ; the Roman Catholic church 
coincides largely with the Celtic race ; and the Protestant 
(;hurch has found very liCde footing' out of the Teutonic races. 
Prom this coincidence must be presumed a positive afhnity 
between thccSeveral forms and the mental peculiarities of the 
races : — which, as an empirical law, may be applied to cases 
immediately adjacent, and as f)* derivative law (so it may be 
considered} may be applied still wider. We may fairly con- 
clude, that any speedy conversion of one church to another is 
very unlikely. But the law being at best a derivative law, 
mvolying a plurality of simpler uniformities under collocations 
or co-efiScients, may be subvfirted by circumstances arising in 
the lapse of time, olt might also happen thet change of place 
and of circumstances might defeat the law ; suoh as emigra- 
tion to other countries, or,great political revolutions. 

Wehnay apply the principle to thq problem of the Spread of 
tJ janguag e. The articulate modes /of the human voice TBSng 
nearly tne |ame in all races, there would be a great many 
common words struck out, without any communication be- 
tween the races. Then it might happen too that some of 
these common words might be applied to the same objects, 
because some name or other must be applied. Of course,' the 
probability of the same sdnnd as the *riidioal ma, being ap- 
plied tcr^tbe maternal parent, by different races independently, 
is a very small probability ; and the probability of any great 
number of suep coincidences is still^smaller. Therefore, if wd 
find ;n the languages of India, ahd of Great Britain, a very 
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considerable nuipber of names almost the very same, applied 
to the same things, we must conclude that the coincidence is 
not the w^rk of chance,^nd is the result of some i5ause. , 

*4. A special case of •the elimination of chance is pre- 
sented ,by the? comijnation of Chance with Law, or of 
casual and ceftis^il *liiiks. In a sufficiently proiongt*d ex- 
perience, cha'nce may be ^eliminated. 

Thus, so far as the mere decay of the human system is ccm- 
,oerned, deaths would be equally frequent at all perijjds of the* 
year, and at all hours of the dAy. In the statist! fjs of Mortality, 
however, we find that some months are marked by an exces- 
sive number of deaths ; as December, January, and February. 
This points to a law of connexion between winter severity if n 4 
mortality. Jn the same way, if we had the statistics of the 
deSEF occ urring at diffeient hours of the day, we might find 
a, greater number occurring in the depressing hours of the 
ni^it, namely, between midnight and dawn, ^here is an 
element of chance, and an element of law ; the chance^can be 
eliminated by statistics, abdthe lawh-scertained and estimated. 

The combinatiorf of cbahce and law is seen in the progress of 
the seasons. The Chance element is the fluctuation from day 
to day, due to meteorological changes, which, in our ignorance, 
we view as fortuitous. The Ijiaw is the progress of the sun, 
which if undisturbed would be shown in tbe steady increase of 
temperature from Januaiy to July, and reversely. The influ- 
ence of the winds interferes with this regular coprse ; but by 
a\'erages taken for many years, we could .ascertain for a^y 
place the temperaturq proper to pach day of the year, through 
the solar influence alone. « f 

The skill af a player at co^’ds is shown by his winnings at a 
year’s end. So, the keeper of a gaining table, in spite of daily 
fluctuations, has a sure profit in the long ran ; the talJlh being 
constructed with a definite percentage in his favour. , 

In taking observation^, it is usual to multiply instanceSi, and 
to strike an average/* This elimiifates mistakes of the senses, 
accidents, and all e|*rors that do not grow out of some perma- 
nent* bias. 

• • 

5. A third form of the eliiyiination of chance *is the 
discovery of*cause8 so small in amount as to be sul^merged 
by the casual accompanirneqts. * 

I Loadgd^jJjjM are detected after a long si^fies of throws. 
Actua^nalsnave shown* that, in the course of 1200 throws. 
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there would be very nearly 2QQ^turnS rup. q£ each side. Any 
great deviation froth equality would be a proof of loading. 

It: was by the average of many daily observations of the 
barometer that tli>8 diurnal variations were discovered. Those 
periodical variations were too small to bo noticed in the midst 
of the fluctuations from day to day;-, J)tit tjie elimipation 
of these last by a long course of •observations brought the other 
to light, and gave tbeir amount. 

t k small bias in an instrument might be detected* by great 
multiplicacion of instances. All the cliance orrors would be 
eliminated, and would show a ¥Osidunm, to I'ko accounted for 
only by some permanent bias. 

PRINCIPLES or CHANCE OH PROBABILITY. 

6. Probability expresses a state of the luiiid, and also a 
situation among objective facts, ‘t 

j As a state of the mind, it is a grade o’* variety of Beli(?f. 
The highest degree of belief is called Certainty ; the inferior 
degreed are degrees of Probability, llhe psychological criterion 
01 strength of belief is readiness to act. ^ ' 

, As a situation of objective facts, it points to our experience 
of the recurrence of events with more or less uniformity. 
What happens always, under certain circumstances, — as the 
rise of the sun, the termination of human life — is called cer- 
tain ; our assurance in such instances is at the highest. JYhat 
happens, not always, but sometimes, — as that the sun rises in 
a^^ploudl^ss Sky, that men live seventy years— is not certain. 
Neither the fact, nor the failuie of the fact, is certain. To 
this middle situation, is applied the term Probability. 

At a first glance, we might b6 disposed 'to say that such 
events are positively uncertain ; fiiat any judgment as to their 
happemfig is incompetent ;* that we are in as great ignorance 
as to whether the sun will ever rise clear, or whether any man 
/will live to seventy, as if we had never known the sqn to rise 
* or man io die. In thii emergency^ however, we derive 
an aid from extended observation. If, in the same locality, 
we observe the rise of the sun for a great many days, we find 
that the rise in a clear sky b|,ppens in a certain fixed propor- 
tion, wliich is more and rrmre steady ^ observation is pro- 
longed, , So, if we keep a record of the duration of men’s 
lives, for a considerable period of time, we find the seventy 
years’ lives to rscur in a fixed proportion, the more steady the 
longer the records are extended. Plence, if it is of any value 
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to US to know hovj many days in the year the sun rises cloud- 
less in a given climate, or how many men liVe to scwenty, we 
can obtain ifhe informatioj;i with absolute certainty. • 

Now, there are many occasions when thi^ knowjiedg'e of 
proportionate r^urreiices •f events, or of v^hat is calfed 
average,* is of the highest practical moment. It is needless 
to cite, among other examples,* ftie system of Insurance, wliich 
is wliolly built upon tt. 

7. When a sufficiently extended series of observations 
shows a fixed proportion in the relative occuri^nce of 
events, this proportion is called the Prohalfility of the 
occurrence of any single event ; which, however, is a fiction, 
meaning only the certainty of the ploportion, or average, 
on the whole.^ 

If, in the run of many years, it appears that there have been^ 
in some one place f our dry days for tl p^ee wet , ^en it is a 
matter of inductive fiSHainl^ that in the future ^hat propor- 
tion will hold. We may stake any practical interest upgntjie 
recurrence of that proportion. But are unable to say, be-* 
fore natid, of any onS day wTiether it will be wet or dry. StiW, 
a convenient fiction is used applicable to a single^ day^* We 
see that the chances or probabilities are that some given day 
will be dry. A numerical exprejssion is use^ for the degree of 
the probability ; it is said to be four to three in favour of dry- 
ness, of against rain. This ioes not mean that we gain any- 
thing in a single case ; a case taken apart must *be |ield as 
absolutely uncertain. Unle,ss we act upon* the gross or total? * 
we gain iiothirjg by taking into account the numerical pro- 
babilities with a view to a single instance. I 

But although we are no wi»er as to the individual day that 
we desire to be dry or wet, yet, as .there are a great, many 
similar emergencies in life, where we have to apply averages 
to single cases, — by following the measure of probability on all 
such occasions, and on all* subjects,^ we shall be o^tener rfght 
on the whole, than we were to neglect this probability. 
This is the justification of our presuming that a given day will 
be dr^.and not wet, under the probability assigned. 

8. It is found that the experienped recurrence of ’events 
coincides with* an estimate formed thus : — Suppose ttiat we 
know of seyeral events that sopae one will certainly Ifappen, 
agd that nothing in the constitution of thinj:^ determines 
one rather than another ; ‘in that case each will recur, in 
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the long run, with a frequency in the prqportion of one to 
the wholfe. 

Thus, in the familiar case of tossing a penny, there is sup- 
posed to be nothing in the form the ,eoin, or in the impulse 
given to .it, to deterraiue one side rather than another. In 
this case, every second throw •will, in the Ipng run, be h^ads. 

So, in throwing dice, if they are fair, over}’’ sixth throw, on 
c long series of trials, will give ace. 

An a priori necessity has been assumed for this proportionate 
recurrence of events. Such a,inecessity appears to be justified 
in the tossing of a penny ; we seem to be in a state of equipoise 
between the two possibilities of head and tail, and feel that 
any inequality in the result would be without reason or cause. 
Accordingly, we are apt to assume, as a necessity of the case, 
that the turning up of head and of tail should be equally 
balanced at the end of a long trial. The fact is, however, that, 
in this an<r like cases, we are exceptionally circumstanced in 
point of kifowledge ; we know what are the causes at work, 
and that there is nothkig to give a bias in the long run to 
either side of the penny. 

In the more complicated cases, as human life, shipwrecks, 
fires, ?fcc., we should not be disposed to predict anything before 
hand from such considerations as the above. We should not 
consider all years, “from one to"^ ninety, as equally open for men 
to die in, or that the year of age is quite indifferent. We soon 
come to know better ; and, refraining from a priori supposi- 
positions we trust solely to induction from a sufficientlv 
prolonged basis of actual observation. 

9. The important theorems growing out Qf the general 
principles and applied to problems in Logic, are these. 

I. '’The probability of the con curre nce of two indepen- 
dent events is the product of tWsi^arate probabilities. 

Jf A occtir once in six limes, its probability is or one for 
and five against ; if B occur once in ten times, its probability 
is or one for, and nine against ; the probability, or relative 
frequency in the long run, ^f the concurrence of the two is 

— one for and fifty-nine against. 

This rule is an arithmetical consequence, of the general for-, 
mnla, and does not need a separate appeal to observation and 
induction. Suppose two days in three are dry, and one in 
three has a westerly wind, them (if the two phenomena were 
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independout), the, chance is f X ^ or f ; that is lwu lor and 
seven against. 

4 

10. II. The probabilfty ot the occurrence of one or other 
of tJivo events that cA^iiof 9 oncur is the sum of the •separate 
probalylities. 

. iJf one man*m ten is over sii feet, and one in twelve, under 
five ; then in a largd numbisr, say 120,000, there will be about 
12,000 over-six-feet men, and about 10,000 under-five-feCt, 
men ; the sum of the two 22,000, will represent the liumber of 
such as are one KJind or the otlfer.* 

11. III. The rule for the cu mdtat ion of independent 
Testimonies in favour of a fact, is to*n}ultiply the numbers 
expressing the proportionate value of each Testimony. 

If a witness is correct dlx times out of seven, or speaks six 
truths for one error^ his relative testimony is six for and one 
against, or Two witnesses of this character concurring 
would give a probability .of 6 to 1. multiplied by 6 to 1^ or 
36 te J, and so on. ^ 

12. IV. The rule for the deteri oration o f testin\eny in 
passing from one person to anotIfef,''ffiaris^Tor the weaken- 
ing of traditional evidence through lapse of time, is to 
multiply the fractions expressing the separate probabilities. 

If one witness speaks truth live times in six, tl^e fraction is 
^ ; if another witness speaks truth nine tite©s in ten, th^ valve 
is If the pne repeats what h® heard from the other, 
the testimony i% weakened, by the transmission to, f < 
or Of facts at^sted by the second witness, de- 
riving from the first, three will be tvue and one false. A few 
such transitions bring the evidence below probability, and 
render it worthless. Eoup successive witnesses each valued,, 
f, would ^ve whicU would be a probability against*their 
testimony. Now, there are many ctlses where a testimony is not 
put too low by thelajbove fraction ; if a want of perfect veracity 
is jokied with • inadequate comprehension of the statement, 
weaTi memory, or other infirmity, witness would not h® porrect 
three times itt four. 

•The ap^ication of the Theoiy of Probabilities to the induc- 
tive determination of Oau^s is given in the follpwing theorem 
taken by .Mill from Laplace! 
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13. ‘ Given an effect to be accounted for, and there being 
several causes that might have produced it, but of whose 
presence in the particular case rothing is known ; the 
probability that' the elffict was prodin:ed by any of these 
causes is as the antecedent probability of the cause, multvj^ied 
by th: prohahillty that the cau^yif it existed, ‘.jould ham 'pro- 
duced the given effect , ■ 

* ‘ Let M be the effect, and A, B, two causes, by either of 
which the effect might have been pi'oduced. To find the pro; 
bability that it was produced by the one and not by the other, 
ascertain which of the two is most likely to have existed, and 
which of them, if it did exist, was most likely to produce the 
effbet M ; the probability sought is a compound of these two 
probabilities. % 

‘ Case I. Let the causes A and B be both alike in the second 
respect : cither A or B, when existing, being supposed equally 
likely (or equally certain) to produce M ; ’ but let A be itself 
twice likely as B to exist, that is twice as frequent a pheno- 
menon. Then it is twice^’as likely t6 have existed in this case, 
ane^ to have been the producing cause of M. 

‘ Cage IL Tleversing the last supposition, let us suppose that 
the causes are equally frequent, equally likely to have existed, 
but not equally likely, if they did exist, to produce M ; that in 
three times that A occurs, it produces that effect twice, while 
B, in every three times produces it but once. Since the two 
causes are equally frequent in their occurrence, in every six 
times that either exists, A is three times and B three times. 
But A in three occurrences produces M in two ; while B in 
three Qccurrences produces M in one. Thus in the whole six 
times, M is produced thrice, but twice by A and once by B. 
So that the probability is in favour of A in the proportion of 
two to one. 

‘ Case III. Let there be an inequality in both respects. Let 
A be twice as frequent as B ; and net A produce the effect 
twice in four times ; B thrice in four times. Then the 
antecedent probability of A to B is 2 to, 1 : the probability 
of their producing M is as 2 to 3 ; the product is 4 to 3. 
In other, words the probabilities in favour of A being' the 
cause are as 4 to 3. And sb on with any other combination.^ 

The principle may be applied to distinguish casual coin- 
cidences from those that result from law. ‘ The given fact 
may have originated either in a casual conjunction of causes, 
or in a law of nature The probabilities, therefore, that the 
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fact ori^^nated in these two modes, are as their antecedent 
probability, multiplied fey the probabilities Uhat if they existed 
they would^produce the effect. But the peculiar combination 
of chances, if it occurred, or the law of natiiiw if real, would 
<^ert(%mly produce the lories c/ coincidences. The probabilities, 
therefojef are as the, {yitecedent probabilities of the causes. 
One of these — ttfe antecedent j/rt)bability of the coinbinatiSn of 
inef’e chances *that would nroduce the given result— is an 
appreciablS quantity, on the principles already laid dowjoi 
The antecedent probability of the other m*ay be estimated more 
«3r less exactly, acKJording to th^ nature of the oaje/ 


CHAPTER X. 

INDUCTION AIDED BY DEDUCTION. 

1. *It is desirabi(i? at ev^ry stage to carry out Inductwe 
laws into their Deductive applications. Now,.Dedi\»tion8 
cannot be made or verified without Observation of facts. 

Deduction or Ratiocination, in its purely formal aspect, is 
given in the Syllogism, In its material side, it involves the 
comparison of facts, and is akin to Induction, We have yet 
to view it as it plays a part in the Inductive Sciences. * 

2. The full ^cope of the Deductive Method comprises 

three operations. •# * i . 

I. There irlust be certain pre-established Inductions. 

We must somehow arrive at Inductive Generalizatiofin, and 
next prove them when arrif ed at. The Experimental Methodg 
have in view these two enrfs, and especially the last, nancwly. 
Proof. Incidentally, tfce methods Aidicate the m5de of Dis- 
covery. but they hav^e not been expressly aimed with that view. 
It has jDeeu apparent, however, that the collection and study of 
instaAceff, under the Method of Agreement, must sugfjost the 
points of Agreement, wJien we are ignorant of them, which is 
•to suggest a general law. Our examination of the problem oi 
Crystal lizattonj and the enquiry into the cause of Dew, led 
fijjst to the discovery, and next to the proof, of generalized 
coincidences. Still, it was hot advisable -to carry on a double 
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illustration, by means of the Experimental Methods, to eluci- 
date at once Discovery and Proof; of the two ends, the 
logician hac most to do with the second ; Proof i^ his main 
object, for which he can lay down definite laws ; Discovery is 
a valuable end, likewise, but it iji ‘ not j, Equally amenable to 
prescribed rules. . ^ * 

In the management of particular instances,'Vith a view to 
the Discovery of generalities, assistance mpy be obtained in the 
tlrree following ways : — 

(1) The number of instances should be as extensive as pos- 
sible. In the comparison of a ?arge number |he mind will be 
strucjk with points of community, from the very fact of the 
recurrence ; as in the examples collected in the research on 
Dew. Moreover, there will start forth some one that contains 
the circumstance sought, in startling prominence ; these are 
the glaring or suggestive instance^ Such, in the case of 
Dew, was the example of the warm breath upon a cold iron 
surface, as a knife blade. 

(2) When out of mere number and variety of instances, the 
identity does not flash upon the mind,.the next thing is to 
select a few for careful scrutiny. -Each Instance should be 
studied in isolation, should be gone over in every minute point, 
and examined from every side ; the features being exhaustively 
set down in writing. After a few separate instances have been 
considered in this '‘thorough way, the resemblances (unless at 
the time inscrutable for want of other lights) will become 
apparent to the view. Newton’s study of the phenomenon of 
the cqldurea rings qf the soap-bubble, was an exercise of the 
severe mental concentration now described. 

(3) , The general^, laws of phenomena must be sought in the 
cases where they are least complicated or comibinqd with other 
laws. This is an obvious ^precaution conducing to Discovery. 
The laws of motion are studied in simple oases, such as straight- 
lined movements, or wheel-movemeitts, under a single impulse. 
Gravity is best studied in bodies falliug perpendiculajidy, where 
ther^ is no other force operaUng. Neitbei;.the first law of motion, 
nor the law of gravity, could have been advantageously genera- 
lized, in the flow of rivers, or in the molbions of the planets* 
These^cqmplications are not ewited for inductive discovery^ but 
for deductive application, as at present contepiplated. The 
first pri\iciples of Optics are sought, not in the workings of the 
eye, nor in complicated lenseSy but in the simple mirror fcr 
reflexion, and ^in the plane transparent surface for i efractibn. 
So the more transcendental poweri^ of light, in causing mole- 
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cnlar change, are not studied on the retina of the eye, but in ' 
the easier (although stiil obscure) cases — chemical action and 
photography. The osmotic action of cells is illustrated by 
Graham’s experiments oif the passage of liquids through •por- 
celain partitions. The capillary circulation of the 'blood* is 
compare^ to the^flow of liquids in capillary tubes. Salivation 
and digestion ate examined byt withdrawing saliva aud*gas- 
tri« juice from tlie, animal body, and subjecting different 
inafterials k) their action ap^rt. The laws of Mind, which ai;p 
to be carried out deductively in resolving the complicated 
situations of humgin beings, as ij^ Society, are to bo generalized 
from observations of the individual man in favourable situa- 
tions. For the laws of mental growth, we have to begin at 
infancy; for the germs of moral sentiment, we refer to the 
uncivilized races.* 

• • 

3. II. Deduction proper involves two stages of com- 
ple^city ; (1) The syiiple extension of an induotive law to 
a ne\V case , and (2) the combination of several laws in a 
conjoint result. involvingj)rocesses/)f Computation. * 

(1* Simple Dedutstion is the extending of an inductile 
generalization to new cases. As in all enlargements ot Jinow- 
ledge, so in this, there is both discovery and proof. The cases 
have first to be suggested to the mind, anjjl next to be rigor- 
ously verified by the procedure suited to the case. 

Without dwelling upon the means of suggesting new 
applications of laws, let us consider the mode of pnoviqg su.ch^ 
applications. This resol ves.itself into a question of identify. 

Supposing thy.t the inductive preposition ‘ all matter gi'avi- 
tates ’ has been fonmed upon solids and liquids, shall we apply 
it to gases ? This depends upon whether gases are matter — 
whether any property of gases is identical with the defining 
property of matter. Now^ the defining property of matter is 
inertia, and gases are proved*to possess this property ; whence, 
the proposition ‘ matter ’gravitate^ ’ is extended to tlfem. 
Again, Does Ether (tbfe supposed medium of Light and Hoat) 
also gravitate ? As before, we must test its identity with the 
characteristic property of matter. Now, if, as seems to be 
implied in the retardation of Dneke’s comet, the ether is 
a resisting substance, 'then it is ’matter, and accordingly 

'gravitates^ • 

* • • 

The Arts of l)iscovery, brought out by scattered allusions throughout 
tne work, will be systematic illy in Appbndi ^ II. 
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Questions of identity to establish a minor are necessarily 
part and parcel of inductive researchf^ but they must not bo 
confounded, as they sometimes are, with the process of induc- 
tive ' generalizatiion to establish a Inajor or a general law. 
Thus, it is a moot point, whether any ,<* and what alloys are 
chemical .compounds; which must be settleQ by examining 
the Characteristics of alloys, 4 ind comparing*- them with the 
essentials or characteristics of chemical combination. 

We may instance important researches that havo for their 
end the - proof of an identity. Thus, Dr. Andrews insti- 
tuted a series of experimentSoto identify Q/one (formed 
Electricity) Witl) the atmospheric constituent that decomposes 
Iodide of Potassium. He selected three peculiarities of 
oapne (1) the powei of oxidizing mercury, (2) the destruc- 
tion of ozone reactions by dry peroxide of manganese, (3) the 
destruction of its reactions at a high rate of temperature 
(237® C) ; and tried the element found in the atmosphere by 
these tests.'* It answered to them all. The first, howe^^er, 
(the oxidizii.g of mercury) is not conclusive, as other bodies, 
besides ozone, tarnish n),ercury. ^he last of the three tests 
'(high temperature), answers to nr; knowiQ substance, except 
ozone. The three tests conjoined furnish superabundant 
evidence of the identity of the so-called ozone of the air, with 
ozone as obtained by electrolysis, and by the electrical machine. 

Another remarkable disco veiy of Identity is seen in Graham’s 
experiments on the relations of Hydrogen to PaHadium. 
There have always been chemical reasons for believing that 
J^ydrog<cn ^as is the vapour of a highly volatile metal. 
Grahkm has contributed new evidence in favour of the 
identity. The metal palladium is capable of u^bsorbing eight 
or nfne hundred times its volume of hydrogen gas ; and, 
when so charged, is found to undergo changes in Density, 
Tenaoity, Electrical Condilctivity, Magnetism, relations to Heat, 
and Chemical properties. On investigating these changes, 
Grajiam shows that they correspond to the alterations made 
on one metal when united: w an alloy \jith another metal ; so 
that, as far as metallic properties can be shown in such a union, 
hydrogen is metallic. The metal * hydrogenium ’ has a white 
aspect, is of sp. gr. 2, has a qertain amount of tenacity, and is 
magnfetfc. The cumulatio^i of proof is all but equivalent to 
the separate production of the solid metal. 

Sir G, 0. Lewis confounds the establishment of |i minor, as 
a part of Deduction, with the establishment of an Inductive 
major by th6 method of Differepye. He considers that the 
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proof of a burglary in a Court of Law, or the proof that Sir 
Philip Francis wrote Jaiiius, is an employment of the Experi- 
mental or • Inductive method of Difference as »ne of the 
Inductive methods. In reality, all such casesiare the .malting 
good of an iden^ty t(f prove^ a minor. The kind of l3ifference 
emplo^j^ed consists ir^ bringing out successive details or cir- 
cumstantials, tcf GJidude by d^rees every person but *one; 
Vinft thereby to* conipiete th^ identity of that one person with 
the actor in the given case. • 

(2) The more diiticult employment of Deduction’is in the ' 
Soncurrence of different ageiMs to a combinej^ result ; as 
when we deduce the path of a projectile from gravity,^ the 
force of projection, and the resistance of the air ; or the tides 
from the united action of the sun and Ihp moon. This is the 
form of the Deductive Method, whereby we cope with the 
otherwise intractable situation called Intermixture oT Effects. 

Physical Astronomy will ever remain tlio grand exemplar 
of tlgductive Investigation, as the computation of Joint causes 
producing an effect. The causes can be estimated >^ith numeri- 
cal precision, and their cotnbined opt) rati on can be calculaJed^ 
by the^ higher MatlJematiow. In other parts of Physics, tlny'e 
are instances of the Deductive Method. The ^calcul|itions 
respecting Machinery, Fluid Pressures, Motions of Fluids, 
Gaseous Pressure and Movements, Sound, Light, Heat, Elec- 
tricity, — proceed upon inductive laws, oftfen united in their 
operation, and requiring to be computed in their joint effect. 

It has been seen, in the research on Dew, that Dalton^s 
generalization of the laws and constitution^ of the atm^sph^r©'* 
of vapour, deductively applied, made up the wanting link in 
the experimental investigation. ^ 

Equally telUng examples oi the Deductive Method may be 
culled from the recent applications of Chemistry to Animal 
Physiolog 3 ^ The laws of chemical combination enable •us to 
trace the metamorphosis <Jf tissue, by means of the products 
of waste. • The single faot of oxidation is all-pervading irj the 
animal system, and the deductioni? from it clear ^up at qnce 
many obscurities tteyond the reach of experimental elimina- 
tion. ,The difficult question of Animal Heat is to a great 
extent ^Ived already by this deductive application, ^and its 
complete solution will probably depend on the same metnod. 

We may quote farther the special applications of Chemistry, 
under thte •great law of Persistence, to the phenomenon of 
3Smsoular power, of which no adequate account (^ould be given 
by mere observation or experiment. We now know that 
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muscular expenditure represents a definite combustion of the 
material of ^ the food, although we do not know the precise 
links of the, transmutation. 

•When, purely A Inductive or Experimental proofs are sup- 
• ported by reasons^ or by a considerationoof the 7iature of Jlie 
case, the meaning is that Deduction is Drouglit to the aid of 
Induction. The conclusion rfik'specting the E. wind was 
confirmed by the general operation of atnn^spherio impurities. 
The result gained from the comparison of instances of Cryst?il- 
iization, is in accordance with the theoretical views of the 
two opposing molecular forces — attraction and repulsion. 
The experimental facts as to the exhaustion of the mind along 
with the body, are supported by what we know of the brain 
asdihe organ of the mind. Our inductions respecting despotio 
governments are aided by deductions from the laws of human 
nature. 

The applications to the Human Mind, to Character, and lO 
Society, will be more fully exemplified afterwards, in the 
special chaptrors on the Methods of these Sciences. 

i III. The Deductive process is ccmpleted by Veiiifi- 
CATlON. 

This, applies more particularly to the Computation of 
combined causes. 

The way to verify the deducirive extension of a single law to 
a new case, is actual observation of that case. We. apply 
deductively the law of gravity to air, and verify the deduction 

'observing whether the air has weight. As, however, we 
may dispense with deduction when -we have actual observation, 
such an instance does not snow the power of »the Deductive 
Method. The thing meant is, that after verifying a deduction 
by one or more instances, we shall be able to apply it to other 
instan\sCs without farther verification ; these last instances 
depending for their proof solely on the deductive process. 

^ When an effect is the result of several conspiring pauses, we 
may deduc^^ it from a computation of the causes; as, for 
example, the lunar and planetary perWrbations. To show 
that we have taken account of all the causes, that we have 
obtained a proper estimate of each, and that we have correctly 
computed their conjoined action, we must compare the deduced 
effects with the observed effects in a variety of instances. If 
the two precisely tally, the deductive machinery is. verified ; 
if not, not. A want of accordance points to a defect in one* or 
other of the bircumstances quoted*: — the causes or agents are 
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not fully taken account of ; their exact amount is not precisely’ 
obtained; or thd calculation of their united act^ion is not 
perfect. Sometimes, the first point is defective, tli^re being a 
residual agent. In other cases, we know the <;auBe but nt)t its 
exaKjt numericsd amlyint thus, in Astronomy, w5 need* to 
know ^the relative parses of the sun, moon, and planets, 
together with tfiei? mutual dislmnces. Finally, it may happen 
‘that the calculations are inipracticable. 

In Astronomy, where Deduction has gained its great^t 
triumphs, verification has also been mofet thoroughly worked,* 
^Upwards of fif^ Observatories are incessantly engaged in 
watching celestial phenomena ; the observations have been 
the means of perfecting the deductive operation, and making 
good all its shortcomings. * , 

The deductive theory of projectiles combined gravity, pro- 
jectile force, and the aij's resistance ; the expefiments on 
gunnery are the verification. 

TJie laws of the -strength of materials are difeduced from 
geometrical and mechanical laws, involving the size, shape, 
and position of beam^ but however certain the princij)les 
maj s^ppear, they ounnot dispense with actual trials. * 

Wo have supposed the verifying tests to consist of detached 
observations; they may be furnished by groups of d&serva- 
tions, summed up into what are termed Empirical Laws. 
Such was the verification of Newton’s' planetary theory 
(founded on gravity) by Kepler’s Laws. So, any theory or 
generalization of the operation of refracting surfaces on light, 
must be in consistency with Snell’s law of the proportion 
the sines of incidence and refraction. * 

The formulfe of fluid motions are of themselves insufiicient 
to predict the facts ; experiments on the now of rivers must 
be conjoined in a matter of so great complicacy. 

Newton calculated deductively thie velocity of sound*, and, on 
comparing it with the obfierved velocity, found a difference of 
nearly twenty per cent. * It is only of late years, that the dis-^ 
crepancy has been g^jt over, by a %iore complete* view of the * 
forces developed iff the act of propagation. In such a delicate 
question, one vjsrifying instance is too little. Newton himself 
squared the results by arbitrary.rfissumptions (as the thmkness * 
of the air particles), which would have required for their con- 
firmation an independent class of facts. 

Very tjenfident prediccions have been made to the intent 
^fiat the Sun is cooling down in consequence of his enormous 
radiation ; and that the ea1*th’s rotation must ulfimately decayi 
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through the friction of the Tides- The data and the calcula- 
tions seem* very secure in both instailbes ; yet, in order that 
the deductions may be fully established, we need evidence of 
an actual change, in past time, as regards both these moment- 
ous facts. t 

Combined Induction and Deduction expresses the faP force 
of scientific method for resoKing the greatest ^complications. 
Induction alone, and Deduction alone, are equally incompetent 
^tcJ'the great problems even of the Inorganic world ; still more 
so with Life, Mind, and Society. Iriduction, exclusively relied 
on, is called empiricism ; ’ Deduction, without an adequate 
basis and an adequate check in the Inductiv^e Methods, ex- 
presses the bad sense of ‘ theoretical/ 

The two following .chapters will continue the exeiuplification 
of the Deductive Method, of which they merely vary the 
aspect. 


OHAPTEE XL ‘ 

SECOOTAEY LAWS— EMPIRICAL AIs^D DERTYATIYE. 

1. The importance of Secondary (as opposed to Ulti- 
mate) Laws, grows out of their close adaptation to concrete 
realities. 

• ' SpqciJlation delights to attain ultimate generalities, which 
give the key to a vast department of nature ; as Gravity, 
Cimseivation, and Relativity. T^heso are highly satisfactory 
to the mind in its craving after ^inity, simplicity, ‘ the one in 
the many.^ A far more important use of these supreme 
genersfifties is to perfect the statement of the Secondary Laws, 
which are the more immediate gjiides of c^Jirduet/ and 
expression of the phenomena in ttieir actual or ' concrete 
embodiment. The generalfeation of gravity did not supersede 
Kepler’s Laws of the Planetary Motions.*’ So long as the 
concrete fact of planetary motion has an interest for ns, so 
long are^we concerned with the secondary laws reprekeniing 
that fact. The use of the higher laws of Newton is to render 
these inviispen sable secondary laws more precise. 

The secondary laws are the ‘media axiomatfi’ 'of Bacop. 
They were vij^wed by him (too exclusively) as the steps forj 
ascending to the supreme laws. Equally essential is the 
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descending movement from the higher to the middle general!- • 
ties. No branch of ^knowledge is complete until it has 
assembled all the secondary laws that express the^ore usual 
configurations of actual phenomena, and unti^ these secondary 
laws have attained afl^the precision that induction aild deduc- 
tion ci^mgive them. 

*• 

*We formerly had/)Ccasion to remark (p. 79), with reference 
to Propositions, that, like the notion, they vary in regard to 
^the reciprocal properties — Extension and Comprehension, Jls* 
we increase the* extension, WQ lose comprehension, and con- 
versely. Now, of the two attributes, tlie on^ ntost important 
for us practically is Comprehension. We have to deal ‘with 
small classes, and with individuals, itmj our interest lie^in 
knowing the^ whole of the specialities attaching to these. An 
English statesman needs to know the peculiarities ^f English- 
inen. A physician has to deal with the diseases special to 
hunjanity, and stili more those special to his ^wn sphere ; 
while even this degree of generality, is but to prepare him for 
mastering individual cas<is. « • * 

jSejace, the narrowing a proposition, which may seem h. 
defect to the theorizing or speculative intellect, is the higfiest 
merit in applications to practice : provided always >"Aat the 
limitation of extent is accompanied with a corresponding in- 
crease in amount of predicatidn, that is, Ia meaning, connota- 
tion, ®r intent. The full enumeration of the properties special 
to iron, as it is found in a certain district, is essential to the 
working of that particular ore ; the account of the propertj^ 
common to all metals wouM be valuable merely as con trtbu ting 
a quota to tlih highly specialized and exhaustive knowledge 
relative to tjie particular substance. ^ 

It was a frequent remark: of Aristotle that the finishing 
stroke of knowledge is the tact that modifies all geifeyal pro- 
positions according to the individual case. This of course is 
ill the n»ore purely praoti2al point of view. 

The secondary !aws are either Empirical or Derivative. 

2t An Empirical Law is a uniformity supposed to be^ 
secondary, that is, resolvableunto some more geneial uni- 
formities, bflt not y6t resolved. ' 

Tha^ quinine cures a fit of^ague is an Empirical •Law. It 
fs a uniformity established iJy experience ; it is, however, a 
secondary uniformity; we have reason to believe that it is 
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capable of being resolved into higher uniformities. The pre- 
sent inability to resolve it is a disadvantage, not merely in a 
theoretical or speculative point of view, but as regards the 
application of the law in practice. 

r ’ * ^ 

3. When what was an Einpirisal Law has been resolved 
into more general uniformiti^r, or intb ^high3st laws, it is 
termed a JJeuivative Law. 

* '' 

.<The occurrence of snow on high mountains was at one time 
"an empiiical uniformity. It was established as an induction 
from experience, but was not susceptible of being referred to 
any higher generalizations. We can now resolve it into the 
laws connected with radiant heat passing through the atmos- 
plwre. These may i?,ot themselves be the highest attainable 
generalities ; still they are much more general than the induc- 
tion connecting snow with height. . 

The converting of an Empirical Law into a Derivative 
Law is a step gained both in scientific explanation, and in 
practical facilities. The defects inherent in an Empirical Law 
do not inhere to the same degree ima Derivative Law. 

4. Empirical Laws are of various kinds. Their charac- 
ters afe judged from their appearance after being resolved, 
that is, made derivative. 

I. Many are obviously made up of the combination of 
higher uniformities under definite arrangements or collo- 
cations. 

^ ' i ’ 

^We< see this clasfe largely exemplified in the explained or 
derived laws. The law of a projectile, Kepler’s laws, the tides, 
the laws of wind ai^^d rain, the la'Cirs of geolo^cal action (igne- 
ous and sedimentary), combustion, the nourishment of living 
bodies^r^eing formerly empirical laws, and now derived — we 
can, from them, presume the character of those that are still 
^umpirical. 

, These combinations have«been already discussed under the 
Deductive Method. They suppose certain ultimate laws, con- 
curring in their operation, and also a certain definite arrange- 
ment and amount of the concrete agencies or ibrces that the 
laws rrfer to, 

5. llti Some secondary laws take the form of Jaws of 
succession between efifects and remote causes*; tliey still, 
however, possess the character la,8*t named, 
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When a sudden shower disperses a crowd, the shower is a 
very remote cause of «the effect ; a number of intermediate 
links of CEfusation are ^signable. The taking of* food is re- 
moved by a good many stages from the renevial of thq mhscu- 
lar •strength, fhe sowing, ^ of a-i^ed is followed at a Idng 
interval with the matui'ing of jifn oak. 

This is merely a superficial Variety of the first case— com- 
bination of agents, in defipite collocation. Each one 'of the 
links is a distinct law of causation or coincidence, requiring 4)0 
J)e embodied in a definite collocation ; and the combination of 
the whole, in a* suitable arrangement, is necessary to the 
result. 

6. III. Some are laws of Oo-existeuce or of Succession 
between effects of the same cause. 

Such are tiie phases o^ the Tides, the flow of tBe Seasons, 
D^y and Night. Here also there is the same constant circum- 
stance — a conjunction of agents and collocation^. In every 
case of a secondary law, there is, from the nature of the case, 
more than one poweu at work. Only ultimate laws &pl*ess 
agents in i 8 olation,*purity^ or abstractness. ^ 

In any complicated structure, a new agen^ produces a 
variety of changes. The taking of food leads to concurring 
alterations in almost every organ in the body- Every disease 
has concurring symptoms. A country engaging in war has 
its eccAiomy simultaneously disturbed in many different ways ; 
hence there are numerous empirical statements applicable to 
the condition of war, which are co-effecljp of the ontf genbsel 
situation. 

■ 

7. The aggregation of jfroperties in It natural kind— a 
mineral, plant, or animal— 4ias something in common with 
Empirical Laws. 

As there may be uniforipities of co-existence, not resolvable^, 
into caufe and effect, sufch uniformities stand solely on •their 
own inductive evidence, like empirical laws. They are pr,oved 
by the method of ’Agreement alone, and the proof extends no 

farther than the cases observed. 

• « 

8. The criteria an Empiocal Law are principally 

these . . 

, If a nmfomity is established only by Agreement, it is 
<iot shewn to be a law of causation ; and (if not an ulti- 
mate la\|f of co-existence^ It is an empirical law. 
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Agreement does not single out a cause when there is plurality. 
It is at fault, besides, in discriminating cau^e and effect from 
effects of the same cause. Moreover, unless the variation of 
the circumstances has been thorough and complete, there is 
‘ an uncertainty , even in cases ^^her^ theri? is brt a single cause, 
and where the antecedents coiuiih that c/iuse. 

The Method of Difference dO*es not at once Ifead to ultimate 
laws. The swallowing of alcohol is fc'lowed by a certain 
siiisation ; this is proved by the Method of Difference to be 
cause and effect, yet it is not an ultimate sequence ; it is an 
empirical uniformity. 

9. The other criteria arise out of the characters already 
mgntioned. 

Thus, when phenomena are obviously comjplicated, and 
when thcxe are intermediate links of operation, the laws of 
such phenomena are not ultimate’ but secondary ; they are 
empirical, or, if resolved, derivative. 

The law that connects the fall of the barometer with wind 
or rain is plainly empirical. We cSn sete that many different 
agVincies enter into the sequence ; and, also, that there are 
many interiLiediato steps between the antecedent and the 
consequent. 

We presume the action of a drug to be an empirical law, 
because we know, from the complication of the human body 
and the plurality of attributes of natural kinds, that there 
mufit be mi'ny concurring processes, each one governed by its 
bWn 1-aw or laws of causation. , 

LIMITED APPLICATION OF DEIUyATIVE AND^E^flPIllICAL LAWS. 

10. A Derivative Law, and still more an Empirical Law, 

must ?ic/t be extended bey ond narrow limits of Time, Place, 
and Circumstance. o 

It' being supposed that such laws are established by all the 
evidence that the case admits of, still they are applicable only 
a certain way beyond the narrow sphere vhere they have been 
observed to operate. 

ThOf reasons are those alres^dy stated under the D^dudtive 
Method. A uniformity depending on several higher uniformi- 
ties, an^ on a definite collocation of agents, that is, on certain 
special co-efficients, must fail, first, if any of tl\e boheurripg 
uniformities b^ counteracted, and secondly, if the proper adi 
jpstment of the agencies is de{)arted from. The elliptic 
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motion of the planets would be defeated, if some great dis- 
turbing body were silfficieritly near to counteract solar 
attraction, or if the tang^itial force were made different from 
what it is. Hence 'v^ can^iot extepd the law^f the §Uipso^tb 
every body thaVlnay now of at/!.ay future tira© revolve about 

, the suA. * 

. .This limit to the extension* of secondary laws — whether 
EmpiricaUor Derivative — i* the all-important fact respecting 
them, in the logical point of view. A large number of pne- 
wailing errors might be described as the undue extension of 
Empirical Laws. *We shall pre&bnt afew example| of secondary 
laws, calling attention to the difference of* our positio;i in 
regard to them, according as they are Empirical or Derivative. 

The rise of water in pumps was an empirical law, previous 
to the discovery of the pressure of the atmosphere. The 
application of the Method#of Agreement in different countries, 
and with pumps of different bore, proved that no ^umps could 
dra\?^ water beyond about 33 feet. The law could be relied on 
within the wide limits of place and circumstance Vhere^ it had 
been tried. It could •not Have been e?cteuded to other plane*ts : 
but it*might be extended,*with apparent safety to any pari of 
the earth. • 

Since the law became derivative, the limits of its operation 
are precisely defined ; we can t^ll exactly where it would have 
failed. We know that on the tops of high mountains the 
maximum height would have been much below 33 feet ; that 
the exact height would not be the same at all fimes ; that 
other liquids, as alcohol, .sulphuric acid% solutions sal^»/ 
mercury, vary# in the height attained. Now, probably none 
of all these limitations liad»been actually discovered in the 
empirical sta^e ; they might liave been obtained by sufficiently 
wide and careful experiments ; the.derivation supersgded the 
laborious task, which wag probably beyond the competence of 
an unscientific age. * • 

It is an empirical law that tl^ temperature ^of the =feartb ^ 
increases, as we ^ejfcend, at a nearly uniform rate of 1° of 
Fahrenheit to 50 fet?t of descent. This law has been verified 
by glJs(irvation^^ down to almost a mile. We might extend the , 
law inferentially to the adjaceftt depths, as far perhaps as 
several miles*; but w^ are not at* liberty to extend it to the 
centre of jbhe globe. We do not know that the reqirfsite col- 
locations extend so far. • 

* Yet this law is not whplly empirical. It js a derivative 
uniformity. It is connected with the known facts — that the 
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earth has a high temperature in the interior, and is cooled at 
the surface^ by radiation in space. Knowing these, we are yet 
unable to ^deduce the law of decre§.se from the higher laws 
concerned, because we are ignorant of the degree of central 
• heat, and imperfectly acquainted with the laws of its conduc- 
tion through the unknown maWiais of the globe. We under- 
stand the general situation, b&t do not possess the numerical 
and other data requisite for computing tho effects. 
oThat air-breathing animals are hot-blooded, is a law formerly 
empirical, now derivative. It comes under the general law of 
the dependent of temperature cn the oxygenu.tion of the blood, 
and . may be extended widely on the faith of that great 
generality. 

^he Law of Contmuity — ‘ Natura non agit per saltum ’ — is 
an Empirical Law. In the continuity of Vegetable and Animal 
Life, there would be, under the Doctrine of Development, a 
reason for the fact, and it would be in that case Derivative. 
Also, in the transition from one state of matter to another, — as 
in melting, boiling, and their opposites — there must be a 
jertain amount of continuity owing to^ the greatness of, the 
trffnsition. But except v/here there is some presumption of 
this nature, ,the extension of tho law is wholly unsafe ; we are 
not to expect, for example, that the simple bodies of nature 
should be arranged in series with continuous or shading pro- 
perties. We find tue greatest gaps in almost all the properties 
of the elementary bodies. 

In medic|il science, there is hardly such a thing as a single 
efiect, produced by a. simple cause. What is worse, there are 
scarcely any great inductive , generalities relating to the cure of 
disease, except thn^ugh hygienic- or constitutional treatment. 
Thus the use of drugs is almost exclusively empirical. 

The limitation in this case operates variously. It forbids 
our iilferring that two medicines of close kindred will have 
, the same effect ; thus bark and quinine are not interchange- 
able,‘'al though the one is the crude^form and the Mother the 
essential extract. It also^ forbids our ^extending a mode of 
treatment to closely allied ailment, as in reasoning from 
one species of fever to another. Lastly, it forbids the applica- 
tion o£ tbe same treatment to the same disease, in difieVent 
persons. 

Hencff, medicine is of all sciences the one most completely 
tentative. Experience gives a •probability to begin "with ; lyit 
until the efiept is tried in the npw case, we cannot, as u 
general rule, rely on ijt. 



Eli^PlKICAL LAWB.IJ!} MEDICINE. 


10 » 


Until the day arrives when the operation of medicines is * 
made derivative, the only progress possible is to obtain through 
multiplied experience, a more exact statement of th^ conditions 
attending on the snccesSful applicj^ion of cgrtain modes of 
treatment ; as fm* exjftnple,* the coi^-.stitutional or othe? circuln- 
stances the patient ^favcAirj^jie or unfavourable to special 
drugs. • ^ • » 

* The treatment of jtape worm by male fern is of old date in 
me*dicine. In the early period, the failures were frequent ; 
at present, the oil of the fern is extracted and given instead of the • 
foot, with an almt)st uniform s\j^ccess. This empirical unifor- 
mity is to a certain extent derived or explained ; me substance 
is a poison to the parasite. After such an explanation, there 
is afibrded a clue to other remedies foi' the disease ; prcvi^wis 
to the explanation, the uniformity was confined to the one 
remedy. * • 

As an empirical law in lldedicine, we may instance Bright’s 
discovery of the connexion between albuminous* urine, and 
degeneration of the kidney. The law is as yel9 unresolved 
into any higher law fif si^ucture aiwl function ; the kidiley 
deg^nfjration is not^associated with degeneration in any ot|je^ 
tissues of the body ; and no account is given of the temporary 
production of albumen without the permanent disease. * 

It is an empirical law that about 250 persons in a year 
commit suicide in London. This law may be extended a littlo 
way into the future, but it may not be extended into a remote 
time, when moral habits may be difierent, nor to other cities 
and populations. ^ * » ’ • . 

The Statistics of Mortaliiy show a remarkable coincnienco 
between the rale of mortality^ and* the density of the popula- 
tion. A high degree of longevity is found* in thinly peopled 
districts, notwithstanding even the poverty that sometimes 
occurs in sterile tracts ; and mortality reaches its mlmimum 
in the most crowded part^ of cities. If we knew nothing of ^ 
the causes of this uniformity, if it were as empirical aa the 
medicinal action of inercury on\he system, wb could, not 
extend the law intd pther countries and other circumstances of 
the pppulation.. But it is a derivative law, and knowing what 
ageAts the effect depends on, and what circumstances ^would 
defeat their operation,. we apply it without scruple to every 
portion of the human race. We should, however, refrgtn from 
applying^ it to animals very differently constituted from man 
its to the necessities of breathing pure air. All animals require 
oxygen, but some need it fit smaller quantity, Snd are indif- 
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ferent to impure gases ; while warmth and the opportunities of 
better food might more than compensate for the close atmos- 
phere of a (jonfined habitation. 

• In regard lu ^.the Hunian Mind 'and eharacter, we have 
. uniformities that cannot Div*®xtenaed to the race generally. 
Thus, the universality of symp^hy or fellow-feeling is liable to 
excepoons. Mr. Samuel Bailey, after quoting, from a traveh 
ler in Burmah, the incident of a drowning, man being beheld 
by. a crowd as an amusing spectacle, and being flowed to 
sink without an attempt at succour, makes the following 
remarks'. — ,, 

' Incidents of this kind (and the example might be easily 
parallelled fi*om other nations) serve to show that when we 
as(v-ibe certain scntiqients to human nature or to men univers- 
ally on given occasions, because they exist amongst ourselves 
on those (Occasions, it is by no means a sale inference; we 
cannot safely ascribe them except to men under analogous 
circumstancbs of knowledge and civilizaticn. 

‘ We may attribute with confidence to most men and to most 
races of men, the rudimentary feelings which I have shown to 
Originate and to constitute moral sentimenfi; and some of, them 
wich equal confidence to all men : namely, sensibility to cor- 
poreal jileasnre and pain ; liking the causes of one and dis- 
liking the causes of the other ; the propensity to reciprocate 
both good and evil ; the expectation of the same reciprocation ; 
and more or less sympathy with other sensitive beingr ; but 
the direction and intensity of these emotions respectively it is 
gfjeli di^cfilt and even impossible to assign : there are so 
many ^causes at work to counteract, or modify, or suppress 
such of these comqion susceptibilities as can counteracted, 
or modified, or suppressed — to call them lortfi or to keep 
them in, that, unfurnished with precise knowledge of national 
and socihl circumstances, *we cannot predict with confidence 
how they will manifest themselves' on particular occasions. 
^Withpnt specific information of tfiiCi kind we cannot safely 
♦ pronounce that the people Qf rude or digtant and imperfectf^ 
explored countries would, under given circumstances, share in 
those affections and moral sentiments which it seems contrary 
to our own very nature, under ,^uch circumstances, not tofiave/ 
Thai ‘'the mind of man is by nature cgnciliated and adapted 
to his condition ’ was formerly an empirical law. We may 
now consider it as a deduction, or derivation from the law of 
Universal Relativity. The principle has been greatly abuseS.^ 
It has been lo(isely extended far bejond the limits where it is 
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observed to hold true ; indeed those limits were never correctly 
marked in its empirical ^tate. As a derivative uniformity, we 
may assign, its limits with tolerable precision. ’ 

The laws of Political Sbciety are a)l secondary laws, either 
empirical or derivative. Hence tbo necessity for limiting their 
application. Tue polifician^is, ^^ke the ancient bailors, obliged 
• to sail close by ^le shore, rareljr^ venturing out of sight of kind. 
* We are not &t liberty to transfer to our own time the maxims 
suftable toHhe ancient worfd, supposing even that the ancients 
really attained any political rules highly -salutary in their own 
base. , ^ * 

' The distinction between ancient and modem liistory,’ says 
Mommsen, ‘ is no mere chronological convenience. Modern 
' History is the entry on a now cycle* of culture, connecjpd 
at several epochs of its development with the perishing or 
perished civilTzation of the Mediterranean States, biit destined 
to traverse an orbit of its (?wn.’ It would be a vicious extension 
of secondary laws, to predict the extinction of modern nations, 
because the great ancient empires are perished. • 

We cannot transfer at oipce the p^^actice of one nation* to 
anoflier nation. Hardly jyiy political device has been so much^ 
copied as the British constitution. Yet, its advantages bemg 
not purely empirical, but to a certain extent derivative,*ft may 
be extended to adjacent cases with some confidence. 

It is suitable to tlie complicacy of the p<»litical structure to 
make changes in the direction of existing institutions, and to 
confide in them only when introducing a state of things nearly 
adjacent to the present. After seeing the workifig of a 
pound franchise in this country, the inference was faib that 
the lowering tft eight, seven, or ^x pounds could not depart 
very far from^actifal experience. ♦ 

The use of precedents in Law and in Politics exemplifies the 
rule of limitation. Bacon, remarking on legal preced^f^, lays 
il down that the more retent are the safer, although, on the 
other hand, they have a ieSs weight of authority. ‘ A pj:ece-' 
dent is at its maximujn of provingVorce when it ilj sufficiently 
near our own time? to ensure similarity of circumstances,* and 
sufficiently distant to ensure the consolidation of practice, and 
the experimental exhibition of .the practical result.’ (G. 0. 
Lewis). 

11. The rule may be farther illustrated under thb second 
Jotm of ther Secondary Laws— Uniformities of remote 
connexion between causes and effect. • 
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Of these, the most prominent examples are the results o* 
slow processes in the arts, protracted .treatment in disease, the 
growth of plants, the development of animals, the formation of 
tiie human chamcter. IJhat all empiricisms of this class must 
be precarious and liable to frequent defeat is. apparent. Even 
when derivative to the full extentpthey are rendered, uncertain 
by the number and complicatipn of the agencies. 

12.' Lastly, with reference to Uniformities sn^pected^ or 
hnown to be effects of a common cause. 

The principle of limitation is still the same. 

As an exaraple, the case is ' put — what reliance are we to 
place on the sun’s rising to-morrow ? 

Suppose, in the first place, that this were an empirical ' 
generality, we being ignorant of its derivation. Suppose, 
also, that,?ve have authentic evidence that the 6un has risen 
daily for the last five thousand yeafs. How far into the future 
are we at liberty to extend the law ; to ,what limits of time 
should we confine it ? The answer is, we may count the con- 
tinjaance in the future, ofi the same^ scale as the continuance 
cn the past ; we may fairly assu,uie a * period counted by 
thousands of years ; we may be tolerably certain for one 
thousand years, and have a considerable probability, for three, 
four, or five thousand ; but we should not be safe in extending 
the scale to tens of thousands, still less to hundreds of 
thousands. For anything we should know, a catastrophe may 
be preparing that will speedily interfere with the regularity of 
day anp night ; still, long continuance in the past reduces, 
without annihilating the chances. ‘ 

Let us next look at the case as a derivative uniformity. We 
know* that the phenomenon will continue* so long as these 
circumstances are conjoined, namely, (1) the luminosity of 
the sun,i)(2) the earth’s being within a proper distance of the 
sun, (S) the earth’s rotation, and (4)4he negative condition of 
tihe absence of any intervening opaque body to act aaa screen. 
Now^ we kiiow from past ^«perience that all these conditions 
are Hkely to be perpetuated for a period oi time, to be estimated 
by not less than hundreds of thousands of years. The sun 
may be cooling, but the rate, judging from the past, is 
extremely slow ; the earth’s rotation is believed to be subiect 
to decay, but the rate of 'decay is infinitesmally little; the 
removalof the earth out of the solar influence is in opposition 
to our very best guarantees ; and the permanent intervention bfj 
an eclipsing bgdy is the most unlikely incident of all. Thus, 
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then, while, as an empirical law, we cannot well extend the 
rising of the sun (or da;» and night as we now have it) beyond 
thousands of years at most, we may extend it, as ar> derivative 
law, to hundreds of thousands, if no^'to millioiis. 

j 

„EVId£5{CE of law of causation. 

. JL3. It may be shown that the Law of Causation, the'indi- 
speiisable ground xVbrk of* all Induction, itself reposes oji 
the highest evidence suitable to the case — uncontradicted 

Agreement through all nature^. 

* 

We have hithertt; taken for granted that snfficient evidence, 
of the only kind suited to the case, has been obtained in lavonr 
of the law of Universal Causation, on which law have been 
grounded all iihe processes of experimental elirninfition. A 
summary of this evidence*# will farther illustrate the logical 
prticesses detailed in the foregoing chapters. > 

Tl?e uniformity of* successions was first obseryed in easy 
invstauces, such as the more obvious mechanical • efiectsv *A 
body, at rest was observed ifever to move from its place without- 
the application of some force to move it ; a body in motitJli 
was observed not to stop abruptly without inteiferencv^ and 
obstruction. The fact of the descent of unsupported bodies 
is invariable. So light and heat display obvious regularities 
that could be counted on. Even in the instability of the winds 
there would be discovered circumstances of constancy. The 
most complicated of all things, living bodies, we^e s^en .to 
have numerous points of striking uniformiiify. * 

That cliange pf every kind whatsoever follows on a definite 
prior change, could not be alfirmed in early *tiines, except by 
the mere instinct of generalization, which is no proof. Hence 
in ancient philosophy, there were alternative suppoeitions. 
Aristotle allowed an element of Chance, along with the reign 
of Law. • 

Modern 'science has emended tl|e search into natural 'se- 
quences, collecting neiT examples of uniformity, and removing 
exceptions and apparent contradictions. Investigations have 
been^shed into every department of nature ; and had there 
been any decisive instances wherd* change grew out of noising, 
or where the same agent, in the sam'e circumstances, wj»8 not 
• followed by the same effect, such instances must have been 
brcaight to light. 

* 14. In the form of PeriSiefcence of Energy, uflder definite 

8 
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laws of Collocation, the Law of Cause and Effect has been 
subjected' to the most delicate expenmental tests. 

By irrefragable observations it ^was shown that Matter is 
indestructible,, which is one element of nati'ire’s consta£icy. 
Farther observations have proved the numerical Perr-istence 
of Force throughout all its transformations, anti also the unifor- 
mity of the collocations or arrangements for transferring it. 
a-l'he first contribution to this result was the proof of the 
Laws of Motion, as respects both the continuance of motion 
once begun, ^and the conservation of the totrl moving force in 
cas^ of transfer* by impact. These mechanical verities make 
up one department of uniform cause and effect. Next came 
th2 proof of the equivalence of mechanical force and heat — ^ 
the constancy of the amount of one produced from a definite 
amount 61 the other. Joule^s mechanical equivalent of Heat 
testifies to nature’s constancy in a very wide department. 
Following "on this is the mumerical estimate of the heat of 
Chemical combinations, also admitting of numerical statement, 
^from which ‘there is no deviation; a third great department 
off constancy is thereby establishedr ^ 

If numerjcal equivalence has not been arrived at in Nerve 
Yorce,' and in Light, the subtleties of the phenomena are 
sufficient to account for the deficiency. We have reasonable 
ground to presume that, according as these phenomena are 
folly understood, they will show the same constancy a* all the 
rest ; the burden of proof lies upon any one maintaining the 
contrary. 

The only exception usually claimed to the Law of Causation 
is the alleged Freedom of'the^Will. But 'Whatever be the 
mode of dealing ^ith this long-standing enigma, there is a 
statistical testimony in favour of the constancy of human 
motives. The actions of men have a degree of regularity 
compatible only with uniform causiition. 

J^fr. Mansel has characterised as a ‘ paralogisn> ’ the doc- 
tripe that the ground of^ll Induction, is itself an Induction.' 
He might have called it paradox or an ^igram^ an apparent 
contradiction needing to be resolved : it is not a paralogism 
unles,^ it can be made out a, self-contradiction. ‘ 

If tlie account given above of the. methods of Proof and 
Blimi^tion is sufficiently intelligible and .conclusive, nothing , 
farther is necessary to resolve the paradox. There is one fun- 
damental mode of Proof — Agreement through all nature— by 
which all nliimato laws are estafbhished, including CauBatiom 
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There are several derivative, deductive, or dependent methods 
of Proof, the special ^Methods of Elimination — Agreement 
(according to Mill’s Can<m), Difference, and Variations; these 
are called bj courtesy Inductive Methods; •they £^e more 
properly Deductive Methods, available in Inductive investiga- 
tions. • The special fqrua of lA.greement described in the canon 
is jfiot quite the same as the ftrtidamental method of 
niq;nt, on w^hich alon« repose all the ultimate generalizations. 
That canon, as supposing Causation, would be inapplicable ^ 
Jhe proof of Causation. The method of Agreement that proves* 
Causation is not A method of elimination. It doqjj not proceed 
by varying the circumstances, and disproving successive 
antecedents ; it can only find A followed by a, wherever the 
two occur. Until the law is. first proved, *we cannot establish 
A as the causp of a, by omitting successively B, C, J), and all 
other accompanying circuyistances, leaving nothing constantly 
joined save A and a ; even if this were done, there must still be 
a seaich through all fiature for A followed by a, when the ques- 
tion of causation itself is at issue. Hence Agreem^t for pstab- 
lish^ig an ultimate law is not the ‘same as the Method of. 
Agreement, in Mill '^j canoti, for establishing cases of causation, 
after the general law is sufficiently guaranteed. 

There is a certain propriety ip comparin^j the establishment 
of the Law of Causation (or any other ultimate law), with the 
proof df an Empirical Uniformity, which has nothing but de- 
tailed Agreement to found upon. True, an Empirical Uni- 
formity is to be applied only a little way beyond the limits df 
time, place, and circumstances. But, now, as Mr. Mill 
remarks, ‘ if we spppose the subject matteijof any generaliz£i- 
tion to be so widely diffused, Jbhat there is no time, no place, 
and no combination of circumstances, but must a§brd an 
q^ample either of its truth or its falsity, and if it be \iever 
found otherwise than true, its truth cannot depend on any , 
collocations unless such & exist afj^all times and places nor 
can it be frustrated by any counteracting agencies, unless by 
such as never actually occur. It is, therefore, an empirical 
law, CD-extensive with all human experience ; at which point 
the ‘distinction between empirical laws and laws of nature 
vanishes, and ihe proposition takes its place among the most 
firmly established, as well as largest truths accesAble to 
ficjenoe.* * 



CHAPTER JIL 

'-1 

EXPLANATION (j>P NATUEU 

•C _ ^ 

1. The laws arrived at by ladjiction^aud Deduction are 
the proper Explanation of natural phenomena. ^ 

Explanation has various meanings. These all agree ii? 
afibrding us, a certain satisfaction or relief' when oppressed 
with the difficulty, obscurity, perplexity, contradiction, mys- 
tery, of natural facts. But the human mind has at different 
times been satisliecP in different ways ; and individiuils still 
vary as to the kind of explanation that satisfies them. 

When 6.11 Nature was peopled wjth deities, and the various 
phenomena partitioned among them, a sufficient explanation 
of anything was that a certain god or goddess willed it. The 
interventioif of Neptune was a satisfying account of why a 
^stdrm arose. The wratlpof Apollo- was the explanation of the 
plpgue that broke out among the Gveeks at the siege of Troy.* 

There is special and every-day form of explanation that 
consists in assigning the agency in a particular occurrence ; 
as when we ask— what stops the way ? who wrote Junius ? 
who discovered gunpowder ? These questions belong to our 
practical wants and urgencies, but the answer does not involve 
the process of scientific explanation. If, however, we proceed 
fyom , the * who * or ‘ what * to the ‘ why — why does A’s 
carriage stop the way ? why did the author of Junius write 
so bitterly? — there is an opening for the higher scientific 
process. 

j 2. The basis of all scientific explanation consists in 
1 assimilating a fact to some other fact or facts. It is 
^identical with the generalizing process, that is, with In- 
jduction and Deduction. 4 - 

Our only progress from the obscure to ‘the plain, from the 
mysterious to the intelligible, is to find out resemblances among 
facts, to make different phenomena, as it were, fraternize. 
We cannot pass out of the phenomena themselves. We can 
explain a motion by comparing it with some other motion, a 

* 3^e Grote’s Plato fir the views of the ancient '’pliilosopbera 

with regard to Explanation, or the Idi a of Cause.^ 
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pleasure by reference to some other pleasure. We do not 
change the groundwork of our conception of things, we 
merely assimilate, classi^, generalize, concentrate, or reduce 
to unity, a variety of seemjngly different things. • • , 

The phenomj^non of combustion was considered to have 
been explained wheu priesitley showed it to be ther comjjina- 
tion of oxygei^^with carbon oi* other substance; in Bhqrt, he 
‘assimilated the fact •to cases of oxidation, as the formation of 
the red precipitate of mercury, the rusting of iron, <S8b., 
Lightning was explained by Franklin’s assimilating^ it with 
^electricity. Thtf polarity of •the needle was ^explained by 
assimilating the entire globe to a magnet or loadstone. . 

E ^lanation thus steadily proceeds side by side with 
as simila ti£n,,_ gpnnraliaatifffl^ . fVmhnstiob whs explained*by 
(Oxidation ; oxidation is explained by the higher g^erality — 
chemical coniDination ; cl^mical combination is swallowed up 

in, the Conservation of Energy. 

» 

3.* Mr. Mill distinguishes three forms of the^fexplaijation 
of facts and laws. . 

I* Explaining i! joint* effect, by assigning the laws^of 
the separate causes, as in the ordinary Deducti>»e opej?ation. 

The Deduction of a complex effect, by computing the sum 
of the separate elements, is also the explan&tjon of that effect. 
By combining gravity with projectile impulse, we explain 
the motions of the planets. This deduction once^verified, is 
offered as the explanation of the planetary .motions. i*n.othor 
words, the showing that these motions are made up of the 
two causes— ^avity and tangential force-iris the explaining 
of their motions. ^ 

In such cases, the explanation points out the simple causes 
concurring, in the shape of forces or agencies, and alsct indi- 
cates their amount and •their due concurrence. Jupiter’s, 
orbit depends on the mass of the sun, on the tangential force 
of the planet, and orbits mean di^ance from the sun. These 
are, in the language of Astronomy, the coefficients, which must 
be given in order to our assigning the result of the operation 
of the laws, A mere law, suchjas the law of gravity,.Js not 
an explanaticij until it .is clothed in the concrete statement of 
two or more gravitating masses, with a given amoui^ and a 
given distance from each other# These numerical statements, 
Jh*e coefficient8,of Astronomy, are also said to determine the 
collocations of the agents cdPnteemed. 
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To explain the jrise of a balloo n, is to give the laws of 
gravity, of bnoyan*^, ari^ ofga se"oas elasticity, and to state 
the^exact ^wdgEI" and elasticity 13' o ur a tmosphere, and the 
spec ific gray ityof the mass S' rfielialloou. 

To explain genius is to refer it to general le^ws of the mind, 
or to certain elementary powers— ‘nteljec-tual and emotional — 
whose higher or lower degrees and modes* of combination 
produce the kind of intellectual superiority so named. 

^To explain the rise of free governments is to state the 
general principles of human action, and the definite collocation 
of circumstai:|j3es calculated to .produce the elfect. 

The separate laws are obviously more general than the Jaws 
o Lthe coni oiri^ effect. Gravity has a much wider sweep^ian 
planetary motions ; the law of the perseverance of moving 
bodies in a straight line is far more comprehensive than 
tangentiaf impulse. , 

4. II. Explanation may assume the form of discovering 
an intermediate linJc, or links, between an antecedent and 
,a consequent. 

IVhat seems at first sight the direct or immediate cause of a 
phenomenon may, by the progress of assimilation, turn out 
the remote antecedent. The d rawing the trigger of a musk et 
is followed by the n ronulsion of a bal l Tlie of’Ihis 
phenomenon is given by disclosing a series of intermediate 
sequences, each of which is assimilated with some known 
sequence. ' The trigger by concussion evolves heat ; the heat 
ignites the gunpowder ; the gunpowder is a mass adapted for 
very rapid combustion ; the'^ combustion evolve gases which, 
being confined in a small space, have a very high expansive 
force ; the expansive force propels the ball. 

Again, the contact of sugar with the tongue is the precursor 
of a feeling of the mind, the sensation called sweetness. The 
explanation, so far as hitherto attained, supplies the following 
series of cldser links. Th^ sugar is absorbed by the mucus 
membrane of the tongue, and comes in contact with the fila- 
ments of the gustatory nerve ; there ensues a chemical or 
some other molecular action on the nerve. This action is 
of a kind that can be propagated along the course of the nerve 
to the nerve centres, or the brain ; whence are difiused a multi- 
tude or nervous currents ending in muscular movements. To 
the cerebral agitation attaches the mental ^tate called the ^ens^^ 
tion of sweethess. * ^ 
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The unexplained phenomena connected with the Law of . 
Conservation refer to t^je intermediate links, or transitions, in 
the interchange of the mechanical and the molecular forces, 
and of one molecular forOe with another. The moVecular ^jm)- 
cesses in the conversion o? mechanical energ'^ into lu;at 
into ele(jtricityf chenlical force into muscular power and 
. nervofls power^ — aref ifot accounted for : and we see o|Lly a 
•beginning and an* end where we have reason to belie^je that 
there umsk be various intefmediate stages, each susceptible of 
being assigned and brought under somei, general law of cau!^^ 
•tioii. 

The in termediate links, or sequences, are eac h oae more genia l 
ihaii th e combmed >-seqnonce. Take the case of a sweet taste. 
The absorptive power of the animal ..me^mbranes for various 
substances (the crystalloids^ of Graham) is a general lav^ of 
which tlie action in tasting is merely one example, ^r applica- 
tion. The molecular disturbance from the contact of nerve 
aiid sugar is but case of chemical or molecijilar affinity. 
The^ current action of the nerve force is a limited instance of 
current actions ; the electrical forces exhibit, other, cases, 
thu» whole being ^cdmprehensible under some higher la'v^ 
Finally, the link that relates the physical actions of the bmin 
with the mental effect belongs to some wider statem^t that 
relates mental states generally to their physical concomitants. 

As observed, in the previorss chapter, i^ is incident to such 
many^linked sequences, to be more frequenldy frustrated than 
the simpler sequences that make them. A circumstance 
counteracting any one of the closer links couuteracts the 
whole phenomenon. If the lock of the musket makes* an in- 
sufficient concussion of the explosive substance ; if the gun- 
powder is rende'.»ed incombit^tible by danqf ; if the exp^inding 
gases burst fhe piece : — in afiy one of these contingencies, the 
ball is not propelled. 

5, III. The third rrtode of Explanation is termed the 
Suhsumption of one law*into another ; or the gatheripg uf 
of several laws in §ne more geSeral and all-cotnpiehending* 
law. 

JThis reprei^ents the upward march of generalization, pure 
and simple. We have attained a certain number qL inferior 
generalities,* by assimilating individual cases in ordinary in- 
ductioijL.^ We have assimilated the kindling of fire^ for heat 
find for light and for the disintegration of compounds, under 
* one head, called cbmbustjqn ; we have assimilj^ted the tarnish- 
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ing and corrosion of metallic surfaces under another head ; 
we subsume both under the higher \aw of oxidation, which 
both exemplify. We have also assimilated the action of acids 
i^pon alkalies under a g,eneral headT we find that this case 
can fraternize with the foregoing and w^^h many other 
phenomena, under a still highe^ or "more generi^l aspect^ 
signified by chemical comhinali^n. 

So, again, terrestrial gravity and celestial attraction, each 
the result of separate assimilations, being found to' agree, are 
sibsuraed into the illustrious unity of Universal Gravitation. 

Magnetism, Con don Elec tricity, Volj^ic Electricity, 
Ele ctro- M ag netism, &c., are all strung uporTTfie'^mraon 
thread of Electelcal Polarity. 

^pillary attraction, solution, alloys (not chemical), cements, 
&c?,' are subsumed under the general law of molecular attrac- 
tion (not ♦. chemical) between different substances, named 
heterogeneous or alien attraction. ' 

Kumerous laws of smaller compass a?:e subsumed under 
Relativity. ^The pleasures of variety and novelty, the neces- 
sity of contrast in works of art, antithesis in rhetoric, the 
statement of the obverse or counter proposition in science,— are 
minor laws generalized, but not superseded, by the higher 
law. 

When minor laws are thus merged in a greater law, the 
mind feels a peculiar* and genuine satisfaction — the satisfaction 
of having burst a boundary to expatiate over a widen field. 
We rise from a statement bearing upon a small group of facts 
to a statement comprehending a much larger group ; from a 
teh-fold condeiisatiofi, we reach a thousand-fold condensation. 
The intellect, oppressed with the variety and multiplicity/ of 
facts, is joyfully relieved by the simplification and the unity of 
a great principle. 

The charm of resolving many facts into one fact was acutely 
felt byHhe speculative minds of antiquity. It took a power- 
f^ul hold of the earliest Greek philosqphers ; and made them 
almost unanimous in imagining that all phenomena whatso- 
ever are at bottom one, or are susceptible* of -ibeing represented 
in some single expression, being merely the many-sidedness of 
some single central power, substance, agent, or cause. * Such 
unity was, according to Thales, Water ; according to Anaxi- 
mander, an Indeterminate Substance ; according to Anaxi- 
menes, .Air; according to Pythagoras, Number, j . 
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.LIMITS OF EXPLANATION. 

^ ^ * » 

6. Scientific explanation and inductive generalization 
being the same thing, ^he Ivmiis Of Explanation are the 
limits of Indu<jtion.* , * ’ ’ 

. WhfereVer Induction* (extended by Deduction) caii go, Jihere 
.legitimate scientific Explanation can go, they being the same 
process differently nlimed. * 

^ 7. The limits to inductive generalization are the limits’ 
to the agreement or community of facts. • 

Induction supposes similarity among phenomena, and when 
• such similarity is discovered, it reduces tlje phenomena under 
a common statement. The* similarity of terrestrial gra'Vity 
t o celestial aiytra ction enables the I)w6 to "be 
pRenomenori! The similArity between capillary attraction, 
solution, the operatipn of cements, &c., leads to iheir being 
regarded not as a plurality, but as a unity, a single causative 
link, the operation of a single agenc;^. . . ^ 

So remarkable bavb been the achievements of modern times^ 
in the direction of lofty generalities, that some countena&ce 
seems to be lent to the ancient dream of attaining ani^Jltimate 
centralized unity in the midst of the seeming boundless 
diversity of nature. » ^ 

It (iepends purely on actual investigaiJion, how far all 
phenomena are resolvable into one or into several ultimate 
laws ; whether inductive finality leaves us with one ppnciple, 
with two, or with twenty principles. • * * 

Thus, if it be asked whether we can merge gravity itself 
in some still highor law, the atfswer must depend upon the» facts. 
Are there £&iy other forceif, at present held distinct from 
gravity, that we may hope to make •fraternize with it^so as to 
join in constituting a higher unity ? QjHj^y is an attractive 
force ; an^ another great •ettractive force is or the*^ 

force that binds together the atoiMS of solid matter. Might 
we thenTjoin Iff k under 

a more comprehensive law ? Certainly we might* but not 
to «giy advantage. The two kinds of force agree in the one 
point — hut they agrefe in no other ; indeed^ nn the 
manner of the? attraction they difler widely ; so widdy that 
we should have t6 state totally distinct laws for each. •Gravity 
ij^common to all matter, and equal in amount in equal masses 
of matter whatever be th^«kind; it follows t^e law of the 
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diffusion of space from a point (the inverse square of the 
distance) ; it extends to distances unlimited t it is indestruo* 
tible and invariable. Cohesion is special for each separate 
substance ; it de creas es o^ ccording ti distan ce much more 
rapidly than 'the Inverse square,” 'vanTsK rig "entirely at vpry 
small distances; Two such forces ^bave not sdJicient kindred 
to be^*g6neralized into one force; the ' generalization i«k only 
illusory ; the statement of the difference would still make two 
forces ; while the consideration of one would not in, any wny 
siihplily the phenomena of the other, as happened in the 
generalisation of gravity itself. 

Again, gravity , considered as a power to put masses in 
motion, to generate visilile or moving force, may be 
compared, by way .;)f an attempt at assimilation, with the 
equally familiar mode of begetting motion bv ininacL or the 
stroke of a^uiass ah eady in motion ; a^^^^ijp^^)pefhng^ a baix by 
a mallet. Here too, however, we< have, with similarity of 
result, a total contrast in the mode. Gravity draws bodies 
together froip a distance ; impact must be supposed to iirge 
them through their atomic repulsions. When the expanding 
gases of kindled gunpowder blow 'a bullet through the lW, 
there is no actual contact of the parts ; 'tliere is merely the 
operation of powerful forces of m utual repuls ion, acting, 
however, at very short distances, like the cohesion of solidity. 
Now, there appear, s to be nothing in common to gravity and 
these atomic repulsions, exce pt the re sjilt. We have, there- 
fore, no basis for assimilation or inductive generalization in 
such a,. comparison. The two modes of action must bo 
allowed to lie apart in physical science ; they must be em- 
bodied in different statements or laws, with no Jiope of being 
ever brought together. » 

It is because gravity does not assimilate with the propulsion 
of impact from a blow or a stroke that people have accounted 
it mysterious. In point of fact, thqre is no more mystery in 
rtthe one than in the other. Attraction, from great distances, 
is one form ,.of the productkin of force ; Repulsion, at near 
distances, is another form. The last cff fbe^ two is, on the 
whole, most familiar to us; it is the genus that our own 
physical force belongs to; and we, by a mere* whim, suppose 
it a simpler and more intelligible mode of exerting power; 
the truth being that, in all that regards simplicity and intel- 
legibility, gravity has the advantage. It is only by confining 
ourselves to the superficial glance of bodies coming into clone 
contact,, thenye giving and recejying mbmentum, that we® 
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suppose this mode of exerting force a simple one ; the inter*- 
polated links of molecular repulsion are much more compli- 
cated than gravity. * 

A similar line of remai^cs would Apply to an^ ondeavou,r to 
assimilate gravit y: with the Corr elated J^orces g eneral! t; These 
forces by ^neir nature fiountpract gravity. The ’various move- 
ments ^n nature! are •e5:plicable^ by the conflict and m^jjtual 
action of twef great Powers ; Gravity, on the one 'hand, 
and the sum total ot the Correlated Porceu, polar and mol e- 
cular on the other. The Correlated Eorces*^ mostly appear 
Tiiider the guise of repulsions, as, for example, heat ; so much 
so that this must be considered their typical manifestation ; 
the electrical and ^magnetic attractions are exceptional, ’and 
are probably mere superficial aspects ofr the deeper fact of 
repulsive separation. ^ '•* 

Three depal’tments of Force thus stand out so distinct as to 
be incay)able of assimilatioft : — (^avity, the Coirelated Forces^ 
and Molecular Adhesion. This last appear^ emder Two 
forms tne alfrhction between particles of th^ same sub 
stance — iron for iron, water for water ; and the attimction 
between two substapees — iron for lead, water for alcohol on 
for common salt. There may be a possibility of generaliz?ag, 
these two, or stating them as a common force. Setoe approach 
has been made to this in the fact that the second kind of 
attraction holds between bodiee nearly allied — as metals with 
metals^ earths with earths. ' " 

8. The ultimate laws of Nature cannot be less numerous 
than the ultimate feeling^ of the human mind. * ^ ' • 

This, as Mr.* Mill pointed out, is the insurmountable barrier 
to getieralization,*and consequently to explanation. Whatever 
number of distinct states of tjonsciousness, not mutually re- 
solvable, can be traced in the mind, there must be that number 
of ultimate facts or elements of knowledge, and of ultimate 
laws connecting those sta^tos with their causes or concomitants;' 
If the sensation of colour be radictSily distinct from the feelings 
of resistance, of.m^v'fement, of form, there must be a sepetrate 
law with reference to colour. The phenomenon called white- 
nesij 'cannot be resolved’ into the phenomenon of form, or of 
motion. * •• * 

Even if we ‘found that the fact of whiteness is conditioned 
by a certain molecular structure, and certain moleculai’ move- 
jofents, we should not thereby resolve whiteness into movement j 
Ithe facts would be distir^ facts, although joined in nature* 
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So, we are aware that‘ the sensation of sound is conditioned by 
a vibratory movement of the particles of a sounding body ; 
but the vibration is not the sound ; all we can say is that a 
law of cassation relatee the vibration to the sound. Now 
there must always remain one la^ coiVhecti^ the molecular 
movements of bodies with the sensation oi whitenej^s, and 
anoyjier law connecting moleqular movementii with the sensa- 
tion of sound. , * 

In so far as all sensations are generalized intb a common 
, Met of sensation, having similarity with diversity, so far may 
we gen^jralize the laws that cqnnect sensation with corporeal 
activities, ^his is a real and important step of generalization. 
Yetdt does not supersede the necessity of Lther laws for con- 
necting special andvirresolvable modes of sensation with their 
special seats of corporeal activity. We may have a law of 
pleasure a^d pain generally ; yet we need laws for the distinct 
modes of pleasure and pain — the pleasures of light, of sound, 
&c . — inasnvich as these cannot be resolved into each othqr. 

The great generalities relating to Force all refer to one 
eeri^ibility of «our nature—the musc^ular, or the active side ; 
pwing to which fact, they may admit o£ unity of law, or a 
common statement. Likewise, there may be unity of law as 
regards. Light and Colour, provided all the modes and varie- 
ties are resolvable into the variation in degree of some funda- 
mental mode of consciousness. ‘^If there be several fundamental 
modes, there miVst be a law for each ; thus there may be 
wanted one law for white light, with its degrees, and one for 
each of ,the' primary colours — four laws for the sense of sight. 

' We^may be able to discover hov^ Heat causes Light to the 
extent of generalizing the rtlolecular condition 'of luminosity, 
and connecting this with the molecular condition of high 
temperature ; but that such molhcular condition and its ac- 
companiments — radiation, 'refraction, &c. — should yield the 
sensation of light, must always be expressed in a distinct law, 
c law uniting an objective with a silbjective experience. Such 
is the propeiK goal or end eft' our knowlpdge in regard to the 
phenomenon. 

FALLACIOUS AND ILLUSORY. EXPLANATIONS. 

9. Qne form of illusory explanation is to repeat the fact 
in different language, assigning no‘ other distinct yet 
parallel »Mct. 

This is ridiculed in Moliere’s physician, who gives as the o 
reason why opium causes sleep, that it has a soporific virtue. 
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Not much is done to explain the greenness of the leaf bf 
plants by saying that it is due to’ a substance named ‘ chloro- 
phyll/ The only step gained is the fact (if it be d fact) that 
greenness in all plants ii? due to the same Bub^stance* 

A simile is sometimes offered for an explanation. ’ ’ Black’s 
Latent B^eat wa^ merely a re-statement of the fact : he might 
have *^006 on to call "It secre^ concealed, embodied, sb«t-up 
»ifeat; all whibh ekjiressions would merely iterate the circum- 
stance thai a certain amount of heat no longer appeared, as 
heat to the sense, or to the thermometer. 

• It is with the^ great ultimate generalizations, such as the 
Uniformity of Nature, and the Axioms of Mathematics, that 
we are most pro»e to give as a reason, or proof, a mere 
various wording of the principle itself f ‘ Why must. ,the 
future resemble the past ? ’ ^ ‘ Because Nature is Uniform.* 

The phen( 5 menon, sleep, was referred by Whewell to a 
law of periodicity in the animal system. This, however, does 
nothing but repeat, the fxet to be explained ; there is no 
assiihilation with another fact, so as to yield a higher gene- 
rality, which would be ind uctive expl^ination, and no refbrence 
to higher generality aln^ady formed, which would be deduct 
tive explanation. A step towards real explanation is made* by' 
comparing it with the repose or quiescence of the'brgans 
after any activity whatsoever. This is to assimilate the 
phenomenon with another distinct phenomeaon ; the two taken 
together form a higher generality, which, so"* far as it goes, is 
an explanation. 

• • 4 * * 

10. Another illusion consists in regarding phenomena 
as simple because they are famfliar. 

Very familiar facts seem to stand in no need of explanation 
themselves, and to be the means of* explaining whatever can 
be assimilated to them. , 

Thus, the boiling and evaporation of a liquid is supposed to" 
be a very simple phenomenon reijuiring no expHnation, and 
a satisfactory m^di^nl of the explanation of rarer phenomfena. 
That water should dt'y up is, to the uninstructed mind, a thing 
wholly j intelligible ; whefeas, to the man acquainted with 
Physical science, the liquid state is anomalous and inexplicable. 
The lighting ’of a fire, by contact with a flame, is great 
scientific^ difficulty ; yet few people think it so. **A soap 
bubble is*a conflux of unexplained phenomena Voluntary 
iction, from familiarity, h^s, long been reckone^l so simple in 
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itself as to have provided a satisfactory explanation of all 
other inodes of generating mechanicaLforce; 

11. The greatest faljacy of alljs the suppcfeition that 
something is to be desired beyend the most generalized 
conjunctions or sequences of phenomena. 

It ‘‘is supposed by many that the possession of a supreme 
generality on any subject is insufHcient ; the mind, it is salid, 
cir^ves for something deeper, and this craving (which can 
never be satisfied) is' considered to be proper and legitimate. 
The geiieralization of Gravity leaves behind it a sense oi 
mystery unsolved, as if there were something farther that we 
might arrive at if obstacles did not intervene. 

Kewtoii seemed hnable to acquiesce in gravity as an ulti- 
mate fact. It was inconceivable to him that matter should 
act upon (I'ther matter at a distance, and he therefore desired 
a medium of operation, whereby gravity might be assimilated 
to Impact. But this assimilation has hitherto been impracti- 
cable ; if so, gravity is an ultimate fact, and its own sufficing 
and final explanation. . . 

The acceptance of the law of universal .gravitation as d full 
and final solution of the problem of falling bodies, without 
hankering or reservation, is the proper scientific attitude of 
mind. There seems no hope at present of making it fraternize 
with a second force, and there' is no other legitimate outgoing 
of enquiry with reference to it. , 

In the same way the mysteriousness often attributed to 
ic pkrtly resolved by the Theory of Correlated Forces, 
undei*^ which heat is assimilated to movement. The subjec- 
tive fact of heat — the sensation of the mind sO' described, is a 
fact coming under the general relationship Of body and mind. 

Light is still a mystery in the' legitimate sense ; it has been 
but im perfectly generalized as regards its physical workings. 
Every isolated phenomenon is, inathe proper acceptation, a 
mystery. ^ ^ 

Apparent contradiction fis something that demands to be 
explained ; investigation should never ^op short of the attain- 
ment of consistency. Thus, the glacial period of the earth's 
history, is at variance with the only hypothesis yet framed as 
to the sblar agency — the slpw but gradual cooling in the course 
of ageSu 

The molecular aspect of the Correlated ^'orces is r&puUion 
{as in Heat), yet in Magnetism and in Friction Electricity', it 
appears as attraction. o 
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Free-will is often stated as a hopeless and insoluble contra- 
diction. To leave any problem in such a condition is un- 
scientific. • , 

The union of Body^and Mind has long been considered the 
mystery by pre-eminence. The prevailing opinion has been 
that tliis Connexion wpi^ld fcr ever resist and paralyze explana- 
tion. Yet, th© scientific mode of dealing with the case is 
clcjir. Th^ material- prope-.’tie8 and the mental properties are 
each to be conceived according to their own nature — the one 
ty the senses, the other by self-consciousness. We then en-‘ 
deavour to assimitate and generalize to the utmost each class 
of properties ; we generalize material properties into inertia, 

, gravity, molecular forces, &c. ; we generalize mental proper- 
ties into pleasures, pains, volitions, and modes of intellige.xe. 
We next endeavour to rise to the most general laws of the 
union of the two classes of ^properties in the human and animal 
organization. When we succeed in carrying this gjeneralizing 
operation to the utmost length that the case appears to admit 
of, we shall give a scientific explanation of the reiationship of 
bodj and mind. Any farther explanation is as incompetent^ 
as it is unnecessary^ind unmeaning. , v 

Such language as the following is unscientific :-f*‘ Conscious 
sensation is a fact, in the constitution of our corporeal and 
and mental nature, which is absolutely incapable of explana- 
tion.’ The only meaning attachable to this isv that bodily facts 
and m'ental facts are fundamentally distinct, yet in close 
alliance. So — ‘To this day, we are utterly ignorant how 

matter and mind operate upon each other « Properly speak- 
ing there is ncjthing to be knowmbut the fact, generalized to 
the utmost. • i , 

‘ Is there * •says Hume ‘ a»y principle in all nature more 
mysterious than the union of soul, and body ; by ;which a 
supposed spiritual substance acquires such influence (iver a 
material one, that the most^ refined thought is able to actuate 
the grossest matter ? ’ • • » * 

Again, ‘we know-nothing of the objects themselves which 
compose the universe ; our observation of external nature is 
limited to the mutual action of material objects on one another.’ 
WhS,t IS the good of talking of •a supposable, and yet impos- 
sible, knowle(%e ? * • 

* See Fsi^XBifs Remains (vol. 11^ p. 436), for some pertinent remarks 
oxfthe nature of Explanation. 
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* « • 

1. Various meanings belong tft the ’^ord llygothesis^ 

•‘1. It means the suppositions, suggestions, or guesses, as 
to any .matter unknown, leading to experimental or othei’ 
operations, for proof or disproof. 

In the course of a research, many suppositions are made, 
anit» rejected or ad&itted accordpg to the evidence. Kepler 
made an incredible number of guesses as to, the planetary 
relations t)efore he discovered th^. actual laws. Dav y sup - 
p osed the alkali es to be compounds before he estahnsnecTthe 
facFByde^mposing them. *' . 

In the Inductive operation of arriving at general laws, the 
8uf)po*sition made is some law that appears likely to explain 
thf fact, as Kepler’s Third Law (of p«riodi(^times and mean dis- 
*tance§). J^^ch suggested laws have to be duly verified 
according to the Experimental Methods. 

In the properly Deductive ^operation of carrying out a law 
by bringing case^i tinder it, the supposition is an identity^ as in 
the examples already given under the Deductive Method. 
The hypothesis of a man’s being guilty of a certain crime is of 
thfs rj^fure ; the prpof consists in the tallying or fitting of the 
circumstances of the accused with the circumstances of the 
crime (commonly /jailed ‘ circuits tan tial evjdehce*). Of the 
same nature is ‘tlie hypothesis pf Wolfe with respect to the 
origin of the Homeric poems ; the hypothesis of Niebuhr, 
with respect to the derivation of portions of the early Bomap 
^history from ballads or epic poems^J the hypotheses of Eich- 
horns Marsh, and others, w^h respect to the origin bf the text 
of tjbe four gospels ; the hypothesis of J^orace Walpole, with 
respect to the character of Richard the. Third, and various 
hypotheses with respect to the Man in the Iron Maskg, So 
there pre hypotheses, in litenory history, as to the authoi^hip 
of certain works, as the Aristotelian G^conomw, the treatise 
De Imit^tione Ohristi, the Letters of Jimius, . In each of these 
cases a supposition is made, the truth of which is ‘tried |;>y 
combining it with all the circumstances of«the case.* • 
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These cases contain no matters fw logical discussion. They 
do not raise the question^ that attach to the Undulatory Hypo- 
thesis of Lfght, the De^lopment Hypothesis, the Atomic. 
Theory, and other celejDrated hypotheses.. 

2. Ttie definition of ^ Hypothesis (according to* Miip is 
a supposition rqado (without evidence, or with insufficient 
evi(fence of^ its owip) in cfrder to deduce conclusions in 
agreement with real facts ; the agreement being thfi proof 
of the hypothesis.^ 

Hypothesis, in this sense, is a defective kind of proof ; thpre 
is some missing linS ; and the question is^ raised, how shall 
Ihis be made good in other w£prs. 

For example^ in the geological investigation concerning the 
transport of erratic boulder|, there are various possible suppo- 
sitions — icebergs, glaciers, water cui’rents. Now, we may be 
unablq to get what we should desire, in accordance with the 
•strict course of experimental elimination, namely, jfroof of the 
actual presence and oppratwn of one <fr other of these agents. 
The billy resource tthen, •is to compare the appearance 
with what would result from the several modes* of action. 
If these appearances are consistent with one mode only, there 
is a certain strong presumption in favour of that one. The pre* 
sumption would obviously amount to certafn^y, if we have 
had before us (what we cannot always be sure of having) all 
the possible or admissible agents. ^ 

In the absence of proof as to a man’s ^jpal motives* gn a* 
given occasion, we often decide in favour of some one, because 
•the man’s conduct is exactly w|j^at ftiat moti\i^ would dictp,te. 
The soundness pi tfie criterion depends upon there being no 
other motive or combination of motives that would hag^e the 

same effects. • 

• • 

3. It is luanifescly desiyafcle, in assumptions relating J;o 
natural agencies, that these should ^e known to erfst, T^e 
Hypothesis is then limited to such points as — their pre- 
sence, their amount, and thp law of their operation. 

Sucfi are the hypotheses as to thS erratic hqj?tlders. So? we 
may ascribe an*epidemit to excessive heat, to moisturp, to 
alectripity, to magnetism, to animalcules, to bad drainage, to 
crowded dwellings, or to some combination of these. 

are realH^.-evel’y one pf them is what Nev^n termed 
a^era cwuscu What is hypothetical is the* actual presence of 

•9 
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one or other, the mode of .operation, and the sufficiency to 
produce tl:yB effect. If all these could he established in favour 
of one, the point would be proved. If the presence cannot be 
prgved {ihe difficulty in jyast effectg), there must be shown an 
exclusive fitneas in some one to account for the appearance. 

Tl^e illustrious example of Gr^vity^ ipay be quoted, in its 
bearing on Hypotheses. Newton’s suggestjoif was, that celes- 
tial attraction is the same force as teri^striaf gravity. He 
JbhUs proceeded upon a real or known cause ; the hypothetical 
element was the extension of gravity to the sun and planets. 

The preliivinary difficulty k) be got over was the rate ot 
decrease of the 'force according to distance. From Kepler’s 
laws, it was proved^ that celestial attract! oi! diminishes as the 
square of the distance increases. ^ Was this true of the earth’s 
gravity ? ^The fall of the moon was the criterion, and exactly 
coincided with that supposition, ^hus, then, the law of the 
sun’s attraction and the law of the earth’s attraction are the 
same. The earth’s attraction extends t6 the moon , may it 
not cjteiid the sun, and may not the sun reciprocate the 
^ery same attraction ? • • • 

^ wonderful amount of tallying or •coincidence in ‘this 
case i^as sufficient in the minds of all men to justify the 
assumption that the two attmctions are the same. The 
hypothesis was proved by its consequences. And, as no rival , 
supposition has •ever stood the same tests, the Newtonian 
theory is considered as beyond the reach of challenge.* 

,The riv^l hypothesis to gravity, in the explanation of the 
dhlestial motions, was the Ca rtesia n vortices, or whirlpool^ of 
^her, which floated the p^pnefsround^Ts a chip revolves in 
^"'eddy of a streafn. * • 

The identity here assumed i^ between t£e circular motion 
of the planets, in what js commonly supposed to be empty 
spaed; and the circular motion of a whirlpool of water or of 
• air. • 

'Wie first^ obvious dispai^ty respe^His the fluid medium. In 
th& whirlpool of water we have a liqiiid mass with density 
sufficient to buoy up wood, and mechanjdal*momentum suffi- 
cient to propel it in the direction of the stream. iJjo such 
flT^jBiasa.aa-^iM>wn^t^ pcesentJnthexelegtial the 

very supposition is hostile to all familiar appearances. A 
fluid sufficient to move the planets at the. rate they move in 
would have numerous other consequences that •could pot * 
escape deteqfion. It would mix with cmr atmosphere as an 
adtive element and produce disturbances on the earth’s surface. 
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In this vital circumstance, therefcy e, the comparison fails ; the 
assimilation is indompe^ent. , 

A second disparity wa^ brought to, light in Newton’s criti- 
cism of the scheme. The laws of a whirlpool %re not,the*l^ws 
of fhe planetarj^orbi?^; a whirlpool is incompatible with the 
laws (^‘ Kepler. Noy\r^ we»cannot assimilate two mechanical 
phenomena, t^v^o attractions, fcA* example, unless they .^llow 
‘the same law of fowe. lliis is a vital point in a mechanical 
comparisoif. The following of the sanie dynamical law \fas 
j^^he crowning circumsbince of the likeness between gravity and 
solar force. * * • 

It would be said, therefore, that the Cartesian schema did 
not assign a vera causa. It assigned, n9 doubt, a mode of 
action quite famihar~to us ; ^ whirlpools are a real fact, ^ut 
it assumed a jnaterial substance unlike anything hitherto dis- 
covered ; water we knov^^ and air we know, but the entity 
demanded for the vortices is entirely foreign to all^our experi- 
ence .of material thidgs. ^ 

4. As it would seem irrational to affirm that we already 
know all existing^ daus^s, permission must be given tcf 
assume, if need be, an entirely new agent. The conditions* 
of proof are, in this case, more stringent. * •* 

The chief example of this kind of Hypothesis is the 
Und^tqry:.XheQry^M^ • , 

The Supposition of an etherial substance pervading all space, 
and by its undulations propagating Light and Heat^ as^the^ir 
propagates sound, is in accordance with many of the facts ftf 
Light, more especially what is called the Interference of Light, 
a generalization o^many disiiiv?t appearancqp. The hypothesis 
also served tob discover new f^cts of luminous agency. 

Assuming what is not strictly accurate as yet, ihat the 
u/idulatory hypothesis accounts for all the facts, we are balled 
on to decide whether the existence of an undulating ether is« 
thereby prnved. 

We cannot positivaly affirm that no other supposition will 
explain the facts *; what we can say is, that of all the hypotheses 
hitherto suggested, this approaches the nearest to an exact 
expl&nalion. Newton’s corpuscular hypothesis is adiaaiited to 
have broken down on Interference f and there is at the present 
day, no rival. • 

^till, it fs ejxtremely desirable in all such hypotheses, to find 
some collateral conffirmatioq, some evidence aj^wude^ of the 
supposed pther. This is supplied in part by the observations 
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on the comet of Encko. If the retardation of that comet, and 
other observations of a like nature, (Sstablish the fact of a 
resisting or inert medium, there will remain, as hypothetical, 
the , properties of’ that medium, namely, the peculiar mode of 
elasticity fitted for transmitting luminous ane* other emana- 
tions. « . . 

There is farther to be urged’, in support of the hypothesis, 
its constancy with the other hypothesis that regards Radiant 
Heat and Light as the propagation of molecular iffovements 
from hot and luminous bodies. The transmission of these 
influences through space, by the communication of molecular 
impulse, is in harmony with their character as motions in the 
molecules of the masses of ordinary matter. 

Ajt additional confirmation is supplied in the remarkable 
fact that bodies, when cold, absorb the same rays (of the solnr 
spectrum) that they give out when . hot. This is precisely 
analogous to the law of musical strings, namely, that, of the 
notes sounded by another instrument in their neighbourhood, 
they assume each its own note. 

5, Some Hypotheses consist of ^ assumptions as to .the 
uiiifuibe structure and opeiations *of bodies. From the 
nature “of thS case, these assumptions can never be proved 
by direct means. Their only merit is their suitability to 
express the phenpniena. They are Represmtaf/ive Fictions. 

All assertions as to the ultimate structure of the particles of 
matter are, /in d ever must be, hypothetical. Yet we must not 
dificarcl them hecaus^e they cannot be proved ; the proper cri- 
terion for judging of their value is their aptness to represent 
the ph/}nomena. That Heat consists of motions of the atoms 
can never be directly shown ; but if the supposition is in con- 
sistency ivith all the appearances, and if it helps us to connect 
the ajfpearances together in a general statement, it serves 
important intellectual function. 

The phenpmena of the s(}lid, liquid, and gaseous state of 
matter can be represented by the opposing play of two sets of 
forces — the attraction of cohesion inherent in the atoms of 
each substance, and the repulsive energy generated by the 
heat mtf)tiions. In crystals, th© heat motions are at a minimum, 
and in that case, the cohesion assumes a polar character, or is 
concentteted at particular points, whose dijQTerence of relative 
situation makes difference of crystalline form. • • 

The Undulatory hypothesis of Light, even although it may. 
never be fully established as fact, will have a permanent value 
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as a Representative summary o5 the facts of Light ; and may 
be gradually carried tft perfection in this charactei?. 

In a paper Grahan\ on the ‘ Molecular Mobility of (Jascs/ 
published in the T/'ansactions of the Roy*6<l Society, 1803, 
there is put ^rward a hypothesis of the 'Constitution of 
Matter. • The jssumptionHf are these : — * ^ 

^ (1) The various kinds of matter may consist of one. species 
oj* Atom or molecule, having a different kind of movement in 
each substance. Tliis is in harmony vvith the equal action of 
, gravity upon all bodies. 

(2) The greater the energy'* or swing of the primordial and 
inalienable moveyaents of the ultimate atom’s, the lighter the 
mass. The leading fact named Denfjity or specific gra^ty is 
represented by this assumption. < 

(8) These, ultimate molecules, whose primitive movement 
gives specific gravity, ai« supposed to be made up in groups, 
each group having a farther movement, vibrato*iy or other ; 
which second superinduced movement represents the gaseous 
molecule affected by Heat, and leading to gaseous expansion. 
Thiis Graham also caAls tHo diffusive^mohcule, • 

(4) Equal volufnes of two forms of gaseous matter; trre^- 
spective of weight, have a facility of combirAng ;**this is 
Chemical Combination. It is a hypothetical exjiression of the 
law connecting Atomic Weight with Gaseous Volume. The 
gaseous state is expressed by Graham as the typical state of 
matter ; ‘ the gas exhibits only a few grand and simple fea- 
tures.' • 0 

The special point of the hypothesis Consists in assuming 
motions within motions, like primary and secondary planets. 
There is no limih to the succsssive groupiiij^s and their charac- 
teristic movements. For still more complex properties, new 
groupings may be assumed, • • ^ 

• A somewhat difierent Jiypothesis of Molecular Motions has 
been given by Mr. Clai'k* Maxwell (Phil. Trans. 1866)^ It 
might be*superadded tolGrraham%. • • 

Under the methcAls of Chemistry, we shall advert id the 
hypothesis named The Atomic Theory ; and under the methods 
of BtOLOGY, there will < tour other examples of celebrated • 
hypotheses. Also, i i the Logic? of Medicine, the repfesenta- 
tive conceptiejns are btoaght under review. , 

• The pcJlitical fiction as to a Social Contract, determining 
'the rights of 6c>veri ignty„i8 not entitled to tl^ dignity of a. 

Hypothesis. It is a pure fabrication to serve a political, or 
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even a party purpose ; and ranks with the legends in the 
ancient Grecian states, relied on as»> giving validity to the 
title, of a tribe to its territory, or of, a family to the sovereign 
power. ^ 

6. It has been said (by Dugald' Stewart and others) 
that' the reasonings of Georoetiy are built apon hypotheses. 
The meaning is, that the figures^, assu^^ed are abstractions^ 
oi’ ideals, and do not correspond to any real things. 

The. word ‘hypothesis,* is here employed in a somewhat 
peculiar seiiLe. It is identical in meaning with ‘ Abstract,’ as 
opposed to actual or ‘ Concrete ’ objects. The important 
truth intended to he conveyed would probably be given much 
better by avoiding the use of ‘ hypothesis.’ 

In Geccnetry, as in all Abstract Reasoning, the essene.e of 
the operation is to view the things- in one exclusive aspect, or 
with refersnee to one single property, although, in point of 
fact, no object exists possessing that prbperty in pure isola- 
ticn. The geometrical Point is a mark of position ; we reason 
upon it solely as marking position. »Every real point, and 
efetx the point that we conceive in the mind, possesses at the 
same* time a certain magnitude, a certain colour, and certain 
material substance. We, however, make abstraction of all 
these features ; w,e do not assume them in any degree ; we' 
drop them entirely out of view; we consider ‘position,’ in 
80 far 08 ‘ position,’ and make affirmations on that? special 
g-ssumptiun. When we come to deal practically with an 
actual point, we must re-admit all these properties belonging 
to it in its concreteness; we must allow for the fact that no 
actual point can 'fietermine an abstract position ; it covers an 
area, and therefore does not fix position except by an approxi- 
matipnf 

In Mechanics, there are convenient fictions that subserve 
th^ abstract reasonings of the sciences ; as, for example, the 
supposition that the who ’‘3 mass df an irregular body is con- 
densed into its Centre of Gravity — an operation impossible in 
fact, but having a practical convenience 'in mechanical demon- 
strations. It is desirable, for certain purposes, that we should 
makd abstraction of the fol*m and size of a mass, knd^ view 
only its weight and its relative position to some other mass *, 
and one way of compassing the end is to imagine the form and^ 
the size non- existent, or thil.t the mass exists tn a mathe- 
njatical poiut. We say there ip a certain definite position in 
the interior of the. earth, wherein, if the whole, mass were 
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concentrated, the earth’s attractjoa for the sun and the moon 
would be the sahie aai*it actually is. This is merely a verbal 
aid to the 'process of reasoning in the^ Abstract, .t’he remark 
is applicable to all^ the .other abstract ce»tres — (jsicillatiOn, 
suspension, gyration,, &c. 

7.'"Al‘act tlmt detiifies bet\jeen two opposing Hypotheses 
Was called by Baqpn oxi^experimentuni ctucih. 

The ‘ Instantia Crucis ’ of Bacon does not properly belong 
to the Experimental Methods of Induction. It is the decisive 
instance betweelh two contetftling hypotheses., Thifis, when 
the Copernicau system was brought forward in opposition to 
the Ptolemaic, not only was there a necessity for showing that 
the new system corresponijed with all the facts ; therW was 
farther required the production of some facts that it alone 
could conciliate. The fiist fact of this decisive cBaracter was 
the Aberration of Light, a fact incompatible with the earth’s 
being at rest. Another fact, equally decisive, is*furnished by 
the recent pendulum experiments of Foucault ^ith regard to 
thg motion of the •earth. Bacon* himself, wfio never liil^ 
accepted the OopSrnioail system, desiderated an ‘ experj^aen- 
turn crucis ’ of this nature, namely, a fact to pjiow ^lat tlfe 
velocities of bodies appearing to move round the earth are 
in proportion to their distai^e ; which, be says, would be a 
proof that the earth stands still, and tha^ jibe apparent daily 
motio*n of the stars is real. 

The entire absence of mechanical energy in the rays of 
light is regarded as decisive against. Newtons •I^piission 
Hypothesis. The most delicate experiments fail to show any 
moving energy ^n the concentrated rays, of the sun which 
failure is inewnsistent with a^stream of particles of inert matter. 


CHAPTER XIV. 

APPEOXIM ATE •GENEEALIZATIONS AND PBOBABLB 
• ‘ EVIDENCE. 

1. ProbaGle Inference is inference from a proposition 
only approximately true. , * 

Every certain kiferezKse supposes that the major is a pro- 
position, universally true,* as ‘ all men are morlal,’ ‘ all luatter 
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gravitates.* When a minor is supplied to such propositions, 
the conclusion is certainly true. 

From a proposition true only in the majority ©f instances, 
the inference drawn is hot certain, but only probable. ‘Most 
(hot all) phenogamous plants have green lerves ;* hence it is 
probable that any given class of these plants has grpenjeaves. 

The word for such generalities is ‘ most ; * l^ne synonyms are 
‘many,’ ‘usually,’ ‘commonly,’ generally,’ for the most 
prrt,’ ‘ in the majority of instances.* ‘ 

2. If we know the exact proportion of cases in an ap- 
proximate generalization, we can state numerically the 
degree of probability of an inference drawn from it. 

It being known that a certain thing happens in nine in- 
stances onfj of ten, the probability, in a particular case, is nine 
to one, or nine- tenths. All the metals, except copper and 
gold, are d,<pvoid of colour, (being either white or some shade 
of grey), 'fhe probability that a new metal is white oP'grey 
is |iB ftfty-twp to two. 

On the supposition that the majority 6f ^drunkards are never 
reformed, the probability is againsf the reform of any indivi- 
dual d.runkard. The strength of the probability depends upon 
our estimate of the comparative numbers. If this estimatd^iip. 
vague and uncertain, — if we cannot say whether the reformed 
drunkards number one fiftieth, one twentieth, or one-fourth of 
the whole, — our estimate of the probability in the given in- 
stQ,nce js fiorrespondingly vague. 

' What Hobbes sa;^'s of Charles II — 

I^am tunc adolescens 

‘ Orediitit ille, quibuB o^edidit ante Pater — 

is true of the vast majority of men even in the most enlightened 
countries. Hence a strong probability that any given indi- 
vidual has never exercised any independent judgment in 
^politics or in religion. A ^undrodf to one is a safe^estimate of 
such a probability. „ 

li is an approximate generalization that both intelligence 
and independent thought are mq/st frequent in the middle 
ranks of society. The generalization has in its favour deduc- 
tive as^hrell as inductive evidence. We know the oircum- 
stancea adverse to those qualities in the highest, and also in 
the lowest, ranks. Still, it is but appro /Limate, ^ad yields 
only probability in every given application. Like all proba- 
• biljties, howe^/er, if applied to mAs^es, it gives certainty. The 

• . . ‘ * / 
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collective action of a middle class body would be more intelli- 
gent and independent tiian the action of the other classes. 

The proposition is approximately true that the wealthy are 
more virtuous than the imjigent. There are aiumerops eSccep- 
tiofts, but the <ivideiiqe is sufficient to prove the rule as 'an 
approximate generaliz^tiot^. The only dispute is, as to the 
extent of it. Direct statistics oti the great scale are warfting ; 
and the deductive argument consists in comparing the tend- 
encies for'and against virtue in the wealthy, as compaved 
with the poorer class — a comparison where, trom die vague 
nature of all estimates of human conduct, a certain latitude of 
expression must be allowed. 

The characters 8f men are described by^such general terms 
as energetic, timid, tender-hearted, irascible, truthful, teitel- 
Jectual, and ^o on. Even when most carefully generalized, 
these characters are only ig.pproxirnate ; they represent prevail- 
ing te7idencies^ liable to be defeated in the complicacy of 
human motives. So with classes, professions, and nations. 
All the current generalities respecting the characteristics of 
sex and of age are ngiere -approximartiions. Literary and *Art 
criticism, as expreilsing Mie style and mannor of authof^ or 
artists, is of a like nature. ^ . * 

^ The operation of laws and institutions is at best but 
•approximate. We cannot affirm that the general good con- 
sequences follow in every instance. The 'tendency of severe 
punishments is to deter from crime ; they may do so in nine 
cases out of ten, or ninety-nine out of a hundred.^ It is the 
duty of the state to see^ out the modq that approximates 
most to the desired end. In sucl^a case, statistics give a kind 
of numerical prqpision to thq general tendency, and a qorres- 
ponding exactness to the infjgrence of probability. 

The very best institutions have to be defended on the 
ground of superior good, not of absolute or unexceptional 
good. This is all that cS^n be said for liberty as against ro® 
straints, f©r responsible governm^t as against despotism*. 

Proverbial savings are for the most part but rude approxi- 
mations to trutn. \Maiiy of them can hardly be said to have 
a preiponderance of cases en their side. ‘ The more haste, the 
less* speed * is not true in the majority of instances ; Jte merit 
is chiefly as an epigrammatic denial of the universality of the 
rule that activity succeeds in its object. We often tok^l delight 
14 parading the exceptions to* approximate generalities ; and 
not a few of our pr© verbs arp occupied with the representation 
of minorities. Taliyrand’s * No zeal * incorfect as a rule ; 
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the rule that it crosses, hpwever, is but approximote, and has 
exceptiops ; the point of the saying Kes in suggesting these. 

. 3. It is a legitimate effort to* endeavour to make the 

approj^iiuation of a rule as closb as possible, before apply- 
ing it to cases. This can be done in various w^ys.^ 

( 1 .) An approximate generalization is rendered absolutely 
certain in its scope, when all thb excej^tions can be enurner- 
^ted ; as in grammar rules, and in Acts of Parliament contain- 
ing schedules of exceptions. , 

(2) A very near approximiltion can be made if we know the 
exact occasions and circumstances where the rule holds. Thus 
that ‘ Honesty iss the, best policy * is in the abstract only a, 
rohgh generalization ; it is far ffom the exact truth. But we 
are able ^to assign the specific circumstances .where it holds 
good more nearly. The * honesty t. should exactly correspond 
to the stapdard of the time, not rising above, and not falling 
below the established code. It should' be apparent ap.d not 
cpiKjpaled view. It should contribute something to the 
k advantage of persons oV weight atid influence. Thus li^piited 
and qualified, tb) approximation ife very*near the truth; yet 
not ^Itogotlier true. The dishonest successful men are still 
sufficiently numerous to constitute a standing exception to th© 
maxim. 

The Proposition * Knowledge is virtue ’ was maintained in 
the Socratic school. It is an appproximate generalization, 
giving ascertain small probability in its applications. That it 
'has the truth on its side is proved by the statistics of crime ; 
the majority of criminals, coming from the least instructed 
part of the population. S till yt the exceptions are numerous. 
We know from deductive considerations that virtue does not 
spring directly from the, knowing faculties ; the filiation is iu- 
direht or circuitous. The best application of so slight a pro- 
bability is to take it with concurring probabilities. The 
cofidition^of a virtuous cV.racter chn be stated with consider- 
able precision, while intellectual culture also is an element 
whose value can be assigned. Hence, in applying the rule to 
a known case, we can infer with arfar higher* probability^ than 
couli g^iven by any one Approximate generality, as to the 
virtuous tendencies of knowledge, of parentage, of occupation, 
and other circumstances. We can unite all the presumptiona ,> 
into one still stronger. * . ^ 

It is a usjial defect of empiripal generalities that i he sub- 
ject of them is badly defined, or that the circumstaoces where 
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the predicate holds cannot be exactly specified. This is a ' 
common defect in the* practice of medicine. A drug has a 
certain effiftacy in the majority of instances, and is there lore 
only probable in itj consequences. A higher kuQwifcdge 
would give thi?* exact conditions wherein it succeeds, which 
would bd to convert iihe approximation into certainty* 

. • So in PolitUis. • Certain institutions, as for example •Free 
Gftvernmept, are gcx)d for “nations generally. In some’ cases, 
they fail. It is for political science to specify accurately Abe 
vcircumstances where they are suitable, and those v^here the^ 
are unsuitable ; by which me£N[is we may attaiq to rifles of a 
certain, or nearly pertain character. 

It is commonly said that being educated at a public school 
dovelopes particular manly, virtues, as self-reliance, cotK?age, 
&c. This is f but an approximate generalization. If we had 
the comparative niirnbers^of the successes and the failures, we 
conld assign the probability in a given instance. Still better, 
however, would be* the enquiry, what are the circumstances 
wherein the effect would arise ; what kind of yorfbhs would be 
op^’ated on in the salutary way ? ^ 

It is an approxiifiate generalization that absolute sovereigns 
abuse their power ; it is true, in a large majority, of in^tances^ 
but not in all instances. It can be converted into a still closer 
’ approximation, if we can assigp the particular situation of an 
individual sovereign — the motives operating ^upon him person- 
ally, either as encouraging or as checking the despotic vices. 
Hence, by a series of 'provisos (as Mr. Mill remarks) we may 
render an approximate rjile, an almost certain ru1^:~An 
absolute monarch will abuse hj^ power, unless his position 
makes him dependent on thct good opinion of his subjects, or 
unless he is a person of uniisual rectitude and resolution, or 
unless he throws himself into the ^ands of a minister posses- 
sing these qualities/ ^ • 

4. Approximate geTvei*klization8 give an opening to thw 
bias of the feelings, and to the Sfts of a sophistical reasbner. 

It is impossitle’k) deal fairly with an approximate genera- 
lizi^irop, except by forming some estimate, the best that can 
be nad, of the instances on onePside and on the othqrw This 
is often difSnult even to the most candid and painstaking 
truth- seeker. Nothing then is easier than to turn aVay the 
mind from a part of the ins^noes, and to decide upon the 
remainder, imy* strong feeling has this blinding efficacy. 
For example, our Patent I^w has raised a oeitain number of 
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persons to wealth ; it has stimulated a certain number to 
inventions, whether profitable or not»to the inventors ; it has 
induced a. certain number to waste their lives in -unproductive 
and hopeless enterprises ; it has ob/jtructed, in certain instances, 
tlie introduction of improvements. , "Wha'^her the lai^ has 
been good or evil on the wholp, d^ppnds upon ihe< relative 
nv/jhher of these various instances. Now, it^ would be most 
difficult to attain an exact compaiutive eatimate in such a ques- 
tion. How easy then for any one to incline to the instances 
favourilig a preconceived theory, and to pay no heed to the res^ ? 

The arts, of the pleader swit themselves to this situation. 
By dwelling upon and magnifying the instances in one side, 
by ignoring and explaining away those in the other, a skilled 
acKocate reverses the state of the numbers in the approximate 
generalization, making the minority seem the piajority. The 
reply needs to be conducted so ,as to redress the distorted 
estimate. (For the practical applications of Probability to 
Testimony and other Evidence, see AppiiJNnix I.). « 


CHAPTER XV. 

ANALOGY. 

1. The foundation and justification of all inference is 
Similarity. The similarity may exist in various forms 
and degrees, and the validitjrof the inferences will be 
modified accordingly. ♦ 

When two situations are exactly the same,.rthe uniformity 
of nature leads to the sajne consequences. Place equal weights 
in sb' balance so as to make an exact equipoise. Shift the 
centre of motion to one end, anjJ' that end will rise and the 
otl»>er fall, every time thaf^the change is made. A great deal 
of variety^ may be introduced into th^ experiment, with the 
same result. The rod may vary in lepgth, and in material, 
and the weights may be small or great ; so that we mjpy have 
samfness in the result without sameness of the antecedents. 

. Again, having seen a great many animals die, we infer that 
other>nimals living and to be born will die ; the resemblance,,, 
together with nature's uniformity, being the justification. 
But there are often wide disparities between the instances 
observed an'd the instances inferred. 
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Ifc was, however, the object of the^experimental methods to 
eliminate the easenUal parts of a causal situation from the 
non-essential ‘^parts. In thg midst of all ^ the various forms of 
the experiment with t]ie balance, we find, by ihe usejjf the 
methods, that the\»ne ciiccumstance that disturbs the equipoise 
is to removh the joint suspension from its central position 
' in.ttie beam ; that the size and nlaterial of the beam, the size 
and material of the weights, aVe unessential circumstances. So 
with animal fife ; the fact called organized life is the fact ac» 
companied with mortality ; the forms and sizes of ahimals, 
their being vertebrate or invertebrate, are inductively elimin- 
ated as unesBential. ^ 

• An inductive inference is thus an inferenc^from sameness in 
certain particulars, shown by induction to be the particul^^rs 
always present* when some consequence or collateral is pre- 
sent. This is an inference by identity, & perfect induction. 

2. ''j’here may be a radical difference in the subjects of 
'two compared phenomena without preventing a* strict In- 
ductive inference. T,he a<)le condition is that the satne^ 
ness apply to the atkibute® found by induction to bear i\i§ 
onsequence assigned. ^ 

To say ‘ there is a tide in the affairs of men * is to use a 
mere metaphor, the subjects compared being totally distinct. 
Now, to reason from one subject to another of a different kind, 
might be called reasoning by Analogy ; yet, the inference 
might be such as to deserve the name of induction. Great 
as is the difference between the march of human history, <rfind 
, the flow of the tides, still, if the tvro phenomena exactly re- 
sembled in the single feature ofiebbing and flawing, and if no 
inference were drawn, except what this feature involved, the 
argument would be a sound and strict induction. If human 
affairs in any way are truly jlescribable as ebbing and flowing, 
we are entitled from one movement to predict the following. 
If periods of great public excite^^ent in special, topics as 
Liberty, Religion, /iggressive War, are followed by periods of 
apathy, there is a species of tidal movement, and the laws of 
the ti(J^^may so far be appdied to the case, by a legitimate 
induction, or else by a deduction founded on an inductjoii. 

The Chinese* profess to found their government on the 
paternal principle, and to justify their peculiar form of daspot- 
ism^n the*s\milarity of the state to a family. The argument 
is not inductive ; tbeife is a failure in essential points. It is a 
crude metaphor. There is a certain important similarity, 
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namely, the fact of governiyient, involving authority, superior- 
ity, and .punishment ; and any inferences drawn upon this 
single ciroumstance ^yould be vali^. Certain of the merits 
and of, the de-mcrits of government |ire identical in both 
instances; the graduation of punishment t(^’ offence, consist- 
ency and fairness on the part of the. I’uler to the^^rulsd, are 
equally required in the farail/ and in the stafe^ But it is i^^ot 
an inductive inference to say that because the parent is 
despotical, so should the state. The two cases do not agree 
in the point whence the despotical relation flows ; in thp 
family', the a?ibjects of government are children ; in the state, 
the. subjects are grown men, on a level with the rulers. The 
inference would require the case of a very ignorant and 
de^aded community ruled by q. wise and high-minded caste. 
To whatever degree a nation approximates tg this state of 
things, there is an identity betweeivit and the family relation- 
ship. , . 

Plato’s comparison of the state to an ihdividual man is not 
an analogy m the proper sense of the term. It is one of those 
^figurative resemblances 'where the\)oint8 of agreement apd of 
dirq-greement are perfectly ascertainable,' and where there is 
' no elejpent vn known. Any one can tell whether the inferences 
drawn from the comparison follow from the points of agree- 
ment. That there should Ijp a three-fold classification of 
citizens in the ptate, cannot be inferred or confirmed by an 
analysis of the mind into three leading functions. The con- 
stitution pf a state lias nothing in common with the divisions 
of the mental powers of an individual man. 

The same remark is applicable to another ^favourite com- 
parispn of Plato ’9 — virtue to •health. Tfee resemblance is 
exceedingly slight ; yet, if notfiing were inferred but what 
grew out of that resembjance, we could not object to the use 
of th6 comparison. But Plato’s theory of punishment derived 
r from it supposes a likeness that dges not hold ; and the theory 
is refuted Ijy exposing the dissimilarity. 

The Ancient Philosophy was full of these misapplied com- 
parisons, improperly termed analogies. 

Speaking with reference to the»» early growth of Lajr, Mr. 
Mayne ^observes : — ‘Analogy, the most valuable of initru- 
ments in the maturity of jurisprudence,* is the most dangerous 
of snaibs in its infancy. Prohibitions and ordinances, ori- 
ginally confined, for good reaSons, to a single (description f of 
acts, are made to apply to all b.c\s of the 'same class, because 
a man menaSed witl^ the anger of t^e gods for doing one 
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tuing, leeis a natural terror in doing any other thing remotely 
connected with it. Aftet one kind of food has been i interdicted 
for sanitary* reasons, the prohibition if> extended to all food 
resejnbling it, though dbhe resemblance occasionally depends on 
analogies the mftst fatfcifuL So, again, a wise* provision for 
ins urirJg ^neral^leaniiuess dictates in time long ro'utine^ of 
ceremonial ablntion*; and tljab division into classes which at a 
particular o/isis of ^cial history is necessary for the main- 
tenance of national existence degenerates, into the niogt disas- . 
ti'ous and blighting of all human institutions — Caste.* , 

Analogy has been often defined ‘ resemblance ift relations : * 
as when a wave of water is said to be analogous to an undu- 
» lation of air, or of ether ; or a magnet ^is compared a 
charged Leyden jar because of the common polar condition. 
This definitioA is objectionable chiefiy on the ground of 
vagueness. The word ‘ relation ’ is too general for a precise 
statement of the case.. What truth or fitness there is in the 
expression can be given in other ways. • 

3 Analogy, as diflerei^ from Induction, and as a* dis- 
tinct* form of irife?^nce, supposes that two things frp^n ^ 
resembling in a number of points, may reseinbje in gome I 
either point, which other points is not known to be* coii- ( 
nected with the agreeing poiiits by a law^ of causation or] 
of co-existence. • 

If two substances, agree in seven leading properties, and 
differ in three, the probability of their agreeing •in» son>e^ 
eleventh property (not known to be connected with any df the 
ten) is, with reftg'ence to the knowif properties, seven to three. 
But this rule woujid be modified by the cosfsideration of* the 
number of properties still remaining to be discovered, a cir- 
cumstance necessarily indefinite. If we had reason to Suppose 
that a large number of properties still remained undiscovered, 
the probability could not stated with the same fixity^ or ^ 
confidence. * • • 

4. An argument •ft*om Analogy is only Probable. The 
probability is measured comparing the number (and 
impoptahce) of the points of agreement with the nugiber 
and importance of the points of difference ; having respect 
^also to the extent of the unknown properties as com[{)ared 
with the kftown. • 

No Analogy can amount toffull proof; very fey give even 
a high probability, ‘ Itimav afford.’ savs»Reid, ‘ a trreater or 
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less degree of probability according as the things compared 
are more or less similar in their natth e ; but it can afford 
only probable evidence at the best.’ 

The natural Kinds afford the beet examples of the typical 
case of Analogy. They have numerous piY^erties, known 
and Vrnknown ; extensive agreements prevail among groups 
of them, together with ditfei%nces more or less numerous. 
Thus, sodium and potassium have numerous points of agree- 
ment, an 4 a few points of difference. There would, therefore^ 
be a cegt'tain amount of probability that any effect due to 
sodium, or a "given compound* of sodium, might arise from 
potassium, or the same compound of potassium. 

Tli^ celebrated guess of Newton, as to the Diamond, which 
was afterwards verified by experiment, was not au analogical 
inference in .the strict sense. Had the inference been from a 
single body, as an oil, to the diamond (the point of agreement 
between them being unusual refracting power), the resem- 
blance would have been too limited even for a guess. The 
application te the Diamond was the carrying out of an 
Empirical Law, partially, if not whdlly proved. The circum- 
Jitafice that arrested Newton’s attentidu wa^'that the refracting 
power uf' bodies is very nearly as their densities excepting that 
unctuous and sulphureous bodies refract more than others of the 
same density. Having obtained measures of the refractive' 
powers of the densities of twenty-two substances, varying in 
density between air and diamond, he found that they fell into 
two cia^sea. In one class, were topaZy selenitOy rock-crystal^ 
Iceland- spar, common glass, glass of antimony, commoii air : in ‘ 
all whicli, the refracting powers are almost exactly as the 
densities, excepting that the relraction of Iceland-spar is a 
little more than the proportion.*- In the second class were 
camphor, ""olive oil, linseed oil, spirit of turpentine, amber, which 
are, ‘ he said,’ ‘ fat, sulphureous, unctuous bodies,’ and diamond 
fvhich ‘ probably is an unctuous substance coagulated ; ’ all 
these, compared together, haVe their refractive powers almost 
exactly proportioned to their densities. '^!put now, when the 
twm classes are compared, the refractive powers of the second 
class (the unctuous substances) are^ twice or thrice as greats 
in propbrtion to their densitieS, as the refractive powers of the 
first cla,ss. Water has a middle position between the two 
classes ; ^ 0 / w^noZ may stand between- the earthy sub* 

stances and water ; and spirit of wine between water* and the 
.oils. The suggestion as to the diamond thus arose from its 
position among a number of highly ^’efracting bodies that 
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agreed in being of an inflammable or combustible nature. 
The concurrence of high refracting power with inflapmability 
was an en\pirical law ; and Newton perceiving the law, 
extended it to the adjacent case of the diamond. Th^ remark 
is made by Breirster*^at Iiad Newton known, the refractive 
powers 0 ^ the minerals greenookite and octohedrite, he would 
have extended flie. infm^enci to-» them, and would have, teen 
mtstaken. * * • 

As an ex Am pie of Analogy proper let us suppose the Balsdhi ^ 
of Peru to possess certain properties, medicinal of other. 
Suppose next, that the balsam oSTolu agrees in a great number 
of these, but differs in one or two important or unimportant 
properties. On thft proposition, we shoujd ground a very 

• considerable presumption, that the one might replace the other 
in new and untried applications in Pharmacy. 

The illuBtra*tion might Jpe extended to Vegetable and to 
Animal species. A quadruped resembles a human being in 
very rnauy points of •structure and function, but also differs 

• in a considerable number ; while there may be uhdiscoyergd 
properties in both, ^his# reduces to a weak probability, 
all iifferences from ome to the other as to the suitable kindsof 
food, liability to disease, or medical treatment. Bxperijaients 
on animals may cast light on the human subject, provided we 
know that the particular organs^ are constructed nearly alike 
in both, as in the connexions of the nerves, thwB breathing, the 
digestion, &c. The function of the saliva and of the gastric 
juice has been studied by experiments on dogs and fgi horsQp. 
In a recent set of experiments on the action of mercury,*dog5 
were operated on ; care having bqpn first taken to ascertain 

• that they agree Vi Jh human brings in the n|^rcurial symptom 

of salivation. , ^ 

It is interesting to determine whether our inference from 
man to the lower animals as to the possession of conscious- 
ness, is an induction or only^an analogy. We believe that, in 
human beings, consciousness is al^ifiys associated vj^th cerft-in 
external manifestation!, called the signs of feeling, and with 
an internal structurfe, of brain, senses, and muscular organs. 
This we hold to b© an induQtive uniformity completely estab- 
lished a& regards human beings.* The induction ext^u^s to 
differences of degree ; with fewer and feebler manifestations, 
and a smaller brain, than usual, we couple a feebler degree of 
• the ^mental functions. Now, theP physical part is found in the 
brutes ; some approximating ,more, and some less, closely to 
the human .type. It would seem, therefore, that by inductioff, 

.10 
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and not by analogy, w© are to infer the existence of conscious- 
ness in the animals, with modifications of degree only. 

Mind and Body are of opposite nature ; they are the greatest 
of all . gontrast^. Yet there are points of analogy that have 
been made n^e of to furnish language"* and^ illustration from 
the one to the other. As in material phenomena., we may 
have a plurality of forces coaspiiing or opposing each other, 
the resultant being arithmetically compiitable^ so in mind'vve 
have motives uniting or opposing their strength, the elfect 
being computable (aithongh not with numerical exactness) by 
adding tog^her those on each side, and noting which is the 
larger amount. Beid has objected to this comparison, re- 
marking that ‘tlj^e analogy between a balance and a man 
deh berating, though one of the strongest that can be found " 
between matter and mind, is too weak to support any argu- 
ment.' "Set, if the analogy is trusted only to the extent of the 
similarity, there is no good objection to making an inference 
from it. Now, the similarity is complete as far as regards the 
cumulative effect of concurring motives, and the neutralizing • 
I or frustrating effect of opposing motives. Whatever power a 
giyen motive adds to a man's volition, when it conctirs, it 
must subtract or withdraw when it opposes. 

The intrusion, by Aristotle and by Kant, of phraseology 
derived from the intellect, into the domain of the feelings and 
the will, may b^e 'pronounced an improper identification, or an 
abuse of analogy. Aristotle's syllogism of the ' Will, and 
Kant's categorical Imperative, point to no real resemblance ; 

•a syllogism expresses an argument conducted by the reason- 
ing faculty ; it has no relevance or suitability to express the 
decisions of the will. ' ,, " • 

Reflex Actions may be profitably compared with Voluntary 
Actions, if we confine ourselves to the points of similarity. 
The^ Reflex is the voluntary with consciousness suppressed or 
made unessential ; on the corporeal side, there is a consider- 
alxe amount of resemblf^ce, or -itill better, a gradation or 
continuity’ 

Until recently, the sun was considered to be only analogi- 
cally compared to terrestrial fire§, The points of agreement, 
in giving forth radiant heat, with light, are of* the mosftls^ential 
kind ; \)ut there was supposed to be q. disparity also vital. It 
was V/Onceived that the sun gave forth its vast flood of 
radiance, with no diminuticn of intensity. Now, every hot> 
body on the earth cools by radiation. Until this serious*dis- 
parity was feot over, scientific men felt that all inferences from 
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terrestrial bodies to the compositio;i of the stm were rash and 
unauthorized. ’ • , 

Much speculation has h^en expended, on the qu?!«;tion — Are 
the planets inhabited J TliiO argument is at best analogical; 
and there is not %ven the force of analogy except with refer- 
ence tob a Small numbe/.. Bqdies, like the moon, possessing no 
wj^ter and no .^.tmospliere, must* be dismissed at once. , The 
planets generally appear to possess atmospheres. 

We seem justified, however, in making a summary exclusion 
qf the near and the remote planets, on the ground of temperature. 
All organized life known to us, ts possible only within narrow 
limits of temperature ; no animal or plant cari exist eithei: in 
^ freezing water or in boiling water. Now, the temperature of 
Mercury must in all likelihopd be above the boiling pdlnt, 
even at the poles, and the temperature of TJramjs, and of 
Saturn, below freezing at iihe equator. The constituent ele- 
ments lieing now shown to be the same throughout the solar 
system — Carbon, Oxjfgen, Hydrogen, &c., we are not to pre- 
sume any such departure from our own type of organized Ijl c as 
woul^ be implied by aninGm,ls and plhnts subsisting in these ^ 
ex’tremes of temperature. On the supposition that the slip’s 
temperature has steadily decreased, and is still deareasi^g, by 
radiation, the day of living beings is past for Uranus and 
Saturn, and perhaps for Jupiter^ it is not begun for Mercury. 

Confining ourselves, therefore, to the neighbouring planets, 
and referring to the others only for the periods, past or future, 
when the capital circumstance of temperature is salable, we 
have an analogical argument as follows. Venus and Mass artf 
gravitating masses like the earth, qpntaining, we may now say 
with certainty, Jhe^same materials as this gif be — solid, liquid, 
and gaseous. *But we cannot^tell the precise arrangement of 
the constituent substances ; and, seeipg that with ourselves so 
muich depends upon the mere collocation and amount of ^uch 
elements as oxygen and carbon, we may consider that the un- « 
known properties of the shpposedmplanets are con^iderabld in 
number, and serious i* character. The probability arising gut 
of the points of agreement, if not greatly affected by known dif- 
ference^ is reduced by thisdarge element of the unknown. 

M^ny Hypotheses aj’e of the nature of analogies or capari- 
sons, the degree and value of the iiBsemblance being more or 
, less uncertain. Thus, to refer to the undulatory hypothesis 
of Jjight. When Newton explained the waves of water, and the 
vibrations of the air*in sound, by the oscillations of a pendu- 
lum, he was assimilating phenomena of tb© sam^ mechanical 
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character, and reasoning only from the points of similarity* 
But when we reason from the sonortjrns vibrations of the air 
to the vibrations of an ether assumed as occupying space, and 
conveykig light and heat, we work by analogy. It would* 
therefore, not be irrelevant to apply the rnlib of analogy, and 
estimate 'the points of agreement,, as compared with'’thc points 
of disagreement, and conclrfde Accordingly/ On this vi^w, 
the hypothesis would have but a smalkintrinsic probability ; 
it’ would be left in a great measure dependent on the kind of 
evidence already quoted in its favour, the tallying with the 
special facts of the operation ‘6f light. 

The first attempt to penetrate the mystery of nervous action 
was Hartley’s hypothesis of vibratory propagation, based on 
the analogy of sound. The comparison was crude and un- 
satisfactory ; but there was a certain amount .of likeness, and 
the inferences founded on that W3re admissible. It realized 
the fact of influence conveyed inwards from the nerves to the 
brain, and outwards from the brain *to the muscles, thus^ 
suggesting a circle of action^ which circumstance alone is 
pregnant with valuable conclusions, as appeared aftgr the 
discovery of Bell gave new vigour to 'ohe conception. The 
vihrciory mode of communication had no relevance, and any 
conclusions drawn from it were unsound. Next came the 
analogy to the electric current, which was much closer to the 
facts, more fertile in suggestions, and less charged with mis- 
leading circumstances. By taking liberties with current 
action, something like the liberties taken with the ether in 
‘’adapting it for light, we are able to shape a view of nerve 
force that fits the actual .phenomena with remarkable close- 
ness. A third mode of representing the action has been ‘ 
advanced by Mr. Herbert Spencer, which departs from electri- 
cal and chemical action and reposes upon the physical property 
called allotropism. 


0H4PTEil XVI. 

OBBDIBILITT AND INOEEDIBiLITT. 

' o 

1. There are propositions supported by a certain amount 
of evidencfe, that are nevertheless (Vshelievei From some 
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Incredible. 

• 

Irrespective of the evidence specificpliy adduced in favour 
of ascertain fact, we Ojffcen. pronounce it credible or incredible ; 
in the one case we believe, and in the other disbelieve, under 
the satoe*amou^b of » positive testimony. We beliove, on a 
slight report, that a fishing/boat foundered in a heavy gale ; 
we* do not ^believe, without much stronger testimony, that a 
fully equipped man-of-war was wrecl^ed. It was latdly 
Humoured that the Eddystone lighthouse was blown down ; 
every one felt that the rumour fequired confirmation. 

2. The circumiJtance that renders fact Credible oi 
' Incredible is its being consistent hr inconsistent with 

well-establishjed inductions/ 

In simple cases, this is iipparent. That a child initiated in 
orifne by its parents ghould become a criminal, is credible, be- 
cause it is highly probable, being the result of a wqll-grounded 
induction of the human mind. That such a child, should turn 
out a paragon of virtub, as*is sometimes described in romance,! 
we pronounce improbable* and therefore incredible. In»i!he 
one case we are satisfied with a small amount o^ testimony, 
in the other case, we demand very strong evidence. 

We are thus often led to reject evideijce at once on the 
score o£ antecedent improbability. We may* be in the posi- 
tion of refusing a large amount of positive evidence ; as when 
a number of respectable witnesses testify that a mail after 
being immersed in the wate^’ for an hour has been resuscitated. 
It is to be remai'ked, however, that in all such cases the evi- 
dence tendered ifcf only jprohatle / it may have a very -high 
degree of probability, it may* be 500 to 1, yet it does not 
amount to certainty. It fails once* in five-hundred-and-one 
times, and is therefore, in certain circumstances, not safe* from 
rejection. ^ ♦ 

3. Such well-established scfbntific inductions, as tne 
Law of Gravity and tlie Law of Causation, render wholly*in- 
credib^ any assertion tha^ contradicts them. 

Tlxat Mahomet’s coffin hung iftispended in middle tha* 
a table of its Own accord mounted* to the ceiling of a room, 
are facts to be wholly disbelieved. • 

All the* alleged discoveries of a perpetual motion, or the 
rise of force out of fiothing, are incredible ; they^are opposed 
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to Causation as expressed under the Correlation or Persistence 
of Energy, All supposed modes of ^deriving motive power, 
otherwise than from solar heat past or present, are incredible. 
That 411J medii-im of ’force more economical than the combus* 
tioii of coal remains to be discovered i§'all bi‘t incredible. 

If any. one affirms that some change bas^ happem'^d ^vithout 
a ciluse, we refuse to listen ta»it. An exception to this rule is 
sometimes claimed in the case oi the h-pman will ; but that 
ejieepiion has never yet been established upon e^^idence suffi« 
cient to' cope with tlte evidence in favour of the law of causa- 
tion. ^ I. 

The principle laid down by Hume, that nothing is credible 
that contradicts experience, or is at variahee with the laws of 
nature, is strictly applicable to these completely proved indue-* 
tions. We cannot receive any counter evidence in their case,, 
unless of 'li kind so strong as to reverse our former judgment 
and make them out to be mistakes. No mere probability is 
equal to this task in regard to the axioms of mathematics, the 
law of causation, the law of gravity, and many others. 

That every living thing proceeds from a previous living 
* tiding, or as expressed by Harveyv-omnfii vivum ex o^yo, 'is an 
' induction ’^crified by simple agreement, thri)ugh a very wide 
experience ; rendering spontaneous generation, lor the present^ 
incredible. It is an empirical law, true within all the limits 
of human obseryhtion hitherto, although we may not be able 
to extend it over an indefinite period of time. 

Among facts antecedently incredible, we must rank the- 
rpoii{aJ'aeous combustion of a human being, which is totally 
inconsistent with the constitution of the animal body. 

It has been alleged by witnfjsses that t^e mummy corn of 
the Egyptian pyramids has been sown and b^eu productive. 
To a botanist, the assertion is wholly incredible. Seeds two 
centuries old are so completely changed as to lose their 
^ fertility. 

There appears to be unexceptionable testimony *to the prac- 
tice of the 'Indian Fakeers, in allowing themselves to be buried 
for a number of days, after which thej- are dug out alive* 
This would be wholly incredible, .but for the knowledge that 
we hc-ve of such states as trance, or lowered animatioh, Vbicb 
dispense with food altogether for a time, and require only tho 
minim,um of oxygen. 

It is alleged by travellers that certain tribes sitbsist upon ' 

earth - - — 

that 


as lood. This is admissible, only on the supposition 
the ea<fch 'contains a quantity of^jOrganic nrocjlucts, such 
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as starch, sugar, albumen, or their equivalents. That anj 
human being or aniriia^ could livfe upon the purely inorganic 
matters of the soil is to be wholly disbelieved. • 

The phenomena of clairvoyance are* all iq the position of 
antecedent incr^dibiXty. *rhat any one siiould see \vith the 
eyes bandaged is at variance with the conditions of vision as 
established by fjrthe^alith^tic^experience of the human cace. 
*Yot this has been affir meet by multitudes of witnesses.* The 
tosJtimony ©f witnesses, however, in such a matter cannot^ be 
received. The sole condition of admitting such a fact would* 
Ihe (what has never yet been attempted) a rigorous verifica- 
tion according to the methods of experimenjbal* science. So 
with the other facts of the same class — prophetic dreams, 
visions or intimations of events at a distance. These a^e all 
opposed to well-established iliductions. 

• # . 

4. When a fact with *a certain amount of evidence in 

its favour, is opposed, not to an established induction, but 
to ah approximate generalization or probabilijby, the case 
is one of computation of probabilities. • ’ • • 

» , * • 

"Wbat is only pAbabltf, or approximately true, has excep- 
tions ; an opposite assertion, therefore, may be crechted, it* 
supported by a still higher probability, or by a generalization 
‘approximating still more to certainty. ^ fact true ninety- 
nine times in a hundred is not to be set aside by an opposing 
testimony correct only nine times in ten. 

In an age when physical laws were imperfectly ryiderstopd, 
when the law of causation itself was not fully verifiad, the 
phenomenon qf witchcraft stood , between opposing probabili- 
ties. There was* no mducti\^ certainty qn the one hajid, to 
controvert tbe mere probabitities of human testimony on the 
other. The physical knowledge .even of Bacon »was not 
anough to render the testimonies in support of witchcraft 
wholly incredible, although it might have stamped these with 
inferior wfiight and cogency. 

5. The alleghtitvis of travellers as to new species of 
planl^ or of animals, aj'e credible or incredible accord- 
ing*as they affirm what contradicts, or what does nqt con- 
tradict, laws of causation or of co-existence. 

There .are certain peculiarities of structure that are involved 
as cause and ’effect jn the animal system. An animal species 
must have an organ for receiving and digesting ^od, a respira* 
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torj organ, a means of reproduction. Any contradiction to 
these must be absolutely rejected. ^ 

Next in point of evidentiary force are the typical peculiarities 
of the order, as^the four limbs in th'e higher vertebrata. An 
animal of the higher tribes, with both Wings .qnd arras, would 
present an incredible combination ; there might not bfi> absolute 
incompatibility, but there world I e sucH a de'parture from the 
type as experienced, that it could not Jbe received on less 
authority than ocular inspection fortified against Every possi- 
bility of -delusion. 

Now combinations of com,patible organs are improbable 
only in proportion as they have been hitherto undiscovered. 
Flying fish were improbable, but not to th6 degree of incredi- 
bility. The extension of our knowledge of kinds, by showing 
new variations, reduces the improbability in favour of other 
kinds, within the limits of compatibility. That a ruminant 
animal may be found without cloven hoofs is incredible, if 
these are cause and effect, or effects of a common cause , _ it is 
only improbable if they are co-existences without causation. 
Subh a co-existence has.»been widely verified, but not as yet 
'exhaustively. . , 

' A late distinguished historian for a long time doubted the 
fact of persons having lived more than a hundred years. He 
did not regard the fact itself as absolutely incrediWe ; but ip 
the absence of authentic registrations, and the uncertainty of 
memory and tradition extending to events a century old, he 
considered that the improbability of so great an age had not 
been overcome by sufficient counter probabilities. At length 
he obtained what he deemed adequate evidence in favour o * 
centenarians. 

6. The assertion of a fact wholly beyond -the reach of 
evidence, for or against, is to be held as untrue. 

We arc not entitled to put the smallest stress upon a fact 
without evidence in its favouj:*, because, from its being inacces- 
sible to observation, no evidence can be^^produced against it. 
To affirm that the centre of the earth is, occupied by gold, is 
for all purposes, the same as a falsehood. 

On the Great Postulate qf Experience, we are to believe 
that whht has uniformly happened in the past wj^ll continue to 
happen«;in the future ; we accept uncontradicted experience as 
true. But where there hasr been no experience,* we can 
believe nothing. We are not obliged to show that a thing is 
not I the burden lies upon whoever maintains that the thing is* 
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DEFINITION.. 

• * 

The processes having reference to the glaSs, notion, or 
•concept, have be«5n already enumerated. The chief ‘are, 
Classification, Abstraction, Naming i[witfi a view to g§ner- 
ality), Definition. 

The class, notion, or Concept as already explained, is a 
product of generalisation. It may bo constituted by one 
comAion property, as resisting, moving, white, bitter ; or by 
more than one, as house, mind, man. . • • ^ 

Classification, in its sihiplest form, follows the identitica^ 
tion of like things ; lihat i^, a class is madonp of things bi might 
together by likeness. When the mind attends more particu- 
larly to the points of community, it is said to put forth the 
power of Abstraction. A name applied teethe class in virtue 
of the ^lass likeness, is a General Name. Tl»e precise delinea- 
tion of the likeness by a verbal statement is Definition. 

The three processes — Classification, General Namijig, ^nd 
Definition — are what we •are now to consider. The^ firA- 
named process. Classification, ha* a larger meaning than the 
mere assemblage things updii one or raort? points of likeness ; 
it includes the arts for systematically arranging vast multi- 
tudes of related objects, under higher and lower genSra, as in 
what are called the three Kingdoms of Nature. With & view 
to this greater complication, we shall view the whole subjeot 

of Classification last of the tbree.^ 

• 

As regards generalization of the VJlass, or i\onon, 
in ambits aspects, the fundamental principle is stated as 
follows : — • , » 

Of the various groupings of resembling things, prefer- 
ence is given to such as have in common the most*\iumer- 
otis and’fhe anost important attributes. 

This the basis o\ natural or philosophical wlassificationsi • 
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in contrast to insignificant and nnsuggestive classifications ; 
as in the distinction betwean the Natural and the Linnrean 
systems of Botany. It may be termed the golden rule of 
Qlas^jfying.’ 

We aie often disposed to prefer ^classes onjiccount of tjieir 
extent, although the common attributes — the comprehension 
or q^nnotation, may have dwindled down to a limited and 
unimportant resemblance* Thus,* the class ‘ land animals * >.:s 
very extensive, \vi<h little comprehension; and ix^ore insig^it 
»is imparted by breaking it up into groups, as mammalia and 
birds, each having numerous^aiid important points of com 
muiiity. The class ‘adherents to a religious creed ^ is so 
wide as to impart very little information respecting the indi- 
viduals ; the sub-classer Buddhists, Mahometans, Jews, Roman 
Catholics, Calvinists, each connote a large circle of peculiari- 
ties. 


CHAPTER L 

CANONS OF DEFINITION- 

1. iJefinition consists in fixing by language the precise 
signification — the Connotation — of General Names. 

Defining does not apply to the unmeaning name. An arbi- 
trary nj^ms used for a particular object as ‘ Sirius * for a star, 
‘ Snowdon ’ for a mountain, ‘ Samson * for a locomotive, is ex- 
plained only by showing or indicating the thing.* 

Nevertheless, from the important consideration already 
stated (Introduction, p. 6), that’*even a singulai^ is conceived 
by the inind as a conflux of generals, Definition becomes 
oventiially applicable to individual things. A particular staiv 
mountain, a locomotive engine, jnay be represented and 
marked off, .from all other things by a series of descriptive 
names of general signification. For sucli,an, operation, how- 
ever, the name DescHj)tion is more appropriate. 

It bas been already explained (Part I., p. 71) that a^pe^’fect 
Definition is the whole connotation of the name. Some notions 
have o^e point of community ; some two, three, or four ; some 
a great many, as the often-meptioned Kinds ; the proper and 

♦ Hence the maxim of the old logiciauB, ‘ Omnis intuitiva notifcia eat 
defiiiitio * — ‘ a vjew of the' thing itself is'its be^i definition.* 
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complete Definition must give an account of them all. Tlio 
singling out of one or two properties, for the mere purpose of 
discrimination, is not a proper or perfect definition.* 

2. From the A^ery ndlure of humah knowledge, D^ifini- 
tioti appeals to Ihe fundamental principles — Agreement 
and Siflference^gr (jejierality and Contrast. 

. ^ I. Every generality mijbt relate to particulars. 

•II To §very real notion, as well as to every particular 
experience, there corresponds some, opposite, also r%al. 
•This is simply the Law of Eelativity or Contrast/ 

As the statement of what is common to a nuAiber of parti- 
cular things, Defiaition is essentially a process of generaliza- 
tion ; while neither particular things, nor their agree^pents^ 
have any distinct meaning, •unless there be assignable a dis- 
tinct opposite. The act of Defining, therefore, cionsists of a 
generalizing operation, tendered precise at every step by 
expbeit or implicit opposition, negation, or contrast. If, 
throughout the process of generalization, we a^jail ourselves 
of explicit contrast, to reader precis^ both the partidnlars and 
the*generalities, thj^t one operation would be enough ; defining 
Avould be generalizing pure and simple, and nothing beside^ 
But there is often a great advantage gained by Viewi^^, in a 
.separate and distinct operation, the opposite or contrast of the 
thing defined; and hence we* may lay dcwvn two canons, or 
two stages of the process — the first the canon'of Generalization, 
the second, the canon of Contrast or Eelativity ; or, as Gene- 
ralization must enter into both, we may call them (Are* Positive 
and Negative Methods. * Taken together they shoAr tliat 
Defining is reftdered thorough-g<Jing, first, by generalizing the 
Particulars of flie Notion 'propounded,** and secondly, by 
generalizing the Particulars bf its Negative. 

• • 

The method of Defining given in the ordinary works on 
Syllogistic Logic contair^^ fio reference to a generalizing operft 
tion. The scholastic definition directs us to lassign ^1) a 
higher genus of ting thing defined, and (2) the specific dAiBfer- 
ence^ or the distinction Jbetween the thing and the other 
specidfe of the same genus {p§r genus et differentiam). No 
mention is m§ide of the way of obtaining either the ehJracters 
of the genus, or the differential characters of the, species. 
Suppose jve were to define Chemistry in this way ; fgenus) a 
Science, (differenti|i) having reference to a peculiar kind of 
Combination of Bodtes. called chemicdl ; — it ia obvious that. 
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to give such a definition we must scan the subjects ordinarily 
included in Chemistry, and, by generalizing them, find an 
expression* suitable to them all, and to none besides. Hence, 
the direction to assign the genus and the difference, merely 
relates t6 the form of expressing tlie res^ilt of a generalizing 
operation. ’ " 

AFusion is made, by Mr. J^ill, to ll inode^of defining by 
‘Analysis,* or byresolving a coni^plex notion^ into its con?' 
stituent elementary notions; as when we define Eloquence 
^ the power of influencing men’s conduct by means of speech.* 
Here, Eloquence is a complex property, resolved into the two 
simpler properties, ‘ exerting influence over men’s conduct,’ 
and speech.* If, however, the enquiry was made, how do 
we »':rive at this 'definition, the only answer would be, by 
generalizing from the particular examples of eloquent address ; 
so that, in point of fact, this method, if it be a method, does 
not supersede the processes of generalization. 

The analytic statement could, if we please, be thrown into 
the scholastic form ; we have merely to adopt one of the com- 
ponent notions as a ‘geiyis,’ and call the others ‘differentia;’ 
influencing of men’s conduct (genus), use of speech (diffeien- 
tia). ' We might even reverse the notions ; ‘ speech ’ (genus), 
^ for irinuencing human conduct * (differentia). 

Thus, neither of these two modes of defining can come into 
competition with the main circumstance insisted on, namely, 
that to define fs to generalize. On what occasions, the 
generalizing process may be dispensed with, will be a matter 
of futuid Oonsideration. 

Positive Method. 

3. Canon, Assemble^ for comparison the Particulars 
cornirig under the Notion to be defined. 

By the Particulars are meant, not every individual instance, 
but representative instances sufficient to embrace the extreme 
varieties. 

To define a species of Plants, the botanist collects recognized 
examples of the species, including the widest extremes adihitted 
into it. He compares the several specimens, noting theii 
agreemqpts, until he finds what characters pervade the whole; 
these he expresses in suitable language, which language is 
henceforth the definition of the species. So, in ‘dealing with 
’the, higher grcupings-^genera, orders, tpid classes — he follows 
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the same obvious plan. Likewise, the zoologist and mineralo- 
gist have, in the last resjort, no other method. 

Farther io elucidate defining by the generalization of 
the positive particulars, ‘‘we will select* exanjples such as to 
bring out the di:i£cult*^tuafions, and will indicate, in the form 
of subordinate carbons, the modes of overcoming the difficulties. 

^ Suppose we^ fSaye to* deftie Monarchtj» We must begin 
Tby^ assembling instf^nces oi every institution that hajj ever 
been called by the name : the kings of the heroic age* in 
jSreece ; the Spartan kings ; the Romatl kings ; the* Persian,' 
Macedonian, Syrian, and Egyptian kings ; the Teutonic 
king ; the kings of modern European nations ;* the kings of 
the negro tribes ;* the emperors ; the reigning dukes, fnar- 
graves, counts, bishops, &c. To thesd we should have te add 
the king-arcl^on at Athens, and the king of the sacrifices at 
Rome — mere relics of the ancient kingly goveifiment (Sir 
Gt C. Lewis, Methods of Politics, I. 86). Now, if we confined 
ourselves to a certain number of these, we should find the 
common fact of absolute or despotic government ; this, how- 
ever, fails to apply to,oth(ir instance#, as our modern co^istitu- 
tional monarchies'! and/ if these are to be included, thb 
common features are greatly reduced in significance, being, in 
fact, little more than (1) the highest dignity in the strfte, and 
• (2) a participation, greater or less, in the sovereign authority. 
But again, if we look to the two last ii/stances — the king- 
archoiT at Athens, and the king of the sacrifices at Rome — we 
shall not be able to apply to them even the attenuated com- 
munity just given ; ther§ would be required a stil> farther 
attenuation, reducing the points of agreement to utter insigni- 
cance. ^ , , 

Now this .is one of the most usual situations arising in 
the attempt to generalize a notion with a view to ^efi^ition. 
We must be led in the first instance, by the popular denota- 
tion of the name ; yet, if^ we abide by that, we fail to obtain 
any impc«*tant oommuiAty of J||eaning. Tt is in such 9. per- 
plexity, that the gc^den rule must be called to'our aid; we 
must take some i^ans to form a class upon a deep and* wide 
agreement. If need be, w© must depart from the received deno- 
tation ; leaving out some instaBces, and taking in othq^s, until 
we form a class really possessing important class ‘attributes. 
Thus, in the case of the monarch, we should cut o;fF at once 
the mertfrelics of old kingly power. As regards the rest, we 
should divide th& instances between , the absolute and the 
limited motmrchies ; |)here is a large and imponitetnt community 
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of meaning in the class termed ‘absolute monarchies/ and 
this class should be isolated, and shoulrd make a distinct notion 
in political science. The remaining individuals should be dealt 
'vVith!* ap^irt; tb3y (as shown by,pir G. C. Lewis) are far 
better excluded from Monarchies, and classed^ with Republics. 
‘By including in monarchies, and e3fcl^dixi^ from iepablics, 
every government of which a'kin^ is the head,, make even/ 
true general jproj)osUion respecting mcma'^chies and republics 
m^possihle* In this state of things an operation ol re-classing 
is the indispensable scientific corrective of the popular and 
received generalities. 

The definition of a Colony would afford a case exactly 
parallel. Taking together all the things that have ever borne 
this iiame in ancient or in rnode^^n times —the colonies of the 
PheiiicianSj^ Greeks, Romans, Italians, Spimiarcls, Portugese, 
Dutch, French, English — we should find these facts in common, 
namely, emigrating from the mother country, settling in some 
new spot, and displacing the previous government, if not also 
the ponulatifin, of the place occupied. With this small amount 
of agreement, there are Very wide 'dispp.rities , and until, ^ we 
narrow the instances, we do not arrive ut a large and im- 
^ortar^t connotation or meaning. If, however, discarding the 
ancient colonies, we make the comparison among the iiiodern 
instances, we find the importajut circumstance of a sustained 
political relationship with the mother country ; which is 
better expressed by the word dependency. And by sub-divid- 
ing the cl^ss, we can obtain inferior classes, with still more 
numerous important points of agreement ; as, for example, 
the Canadian and Australi£vn colonies of this country, which 
exercise the powers of independent legisJation, under the 
least possible control by the hom,e government. 

Let u&f next endeavour to define Food. According to the 
canony we assemble representative examples of all the sub- 
stances ever recognized under this ;uame. We have betore us, 
the desh of animals, the e>f julent "roots, fruits, leaves, &c. 
We have also a number of substances of purely mineral origin, 
as water and common salt. Our work lies in generalizing 
these, in detecting community in the midst of much difference. 
Were ujau a purely carnivoious feeder, his food might' be 
generalized as the fiesh of animals taken into the mouth, and 
passed f ito the stomach, to be there digested and thence to 
be applied to the nutrition and support of the systbm. But 
when we include vegetable and mineral bodies, we must leave 
'out ^ fiesh,* alid substitute ‘animal, Vigetable, and mineral 
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substances ; ^ the other part of the statement being applicable. 
Even as amended*, howfiver, the definition is still tentative, and 
needs to be verified by comparison in detail with everything 
that has ever been put forward as food! must (jhallenge 

all •informed critics t(j say where the definition fails. Thus, 
nourish ment is afforded by substances absorbed through the 
skin, which w<!fkl(J Sxclud^ tb« medium of the moutlf and 
‘Stomach, and narrov; the dennition to nourishing or supporting 
the systeA. Again, it is doubted, whether alcohol, ^a, 
tobacco (chewed) really nourish the system. This* is a far 
*more serious objection ; and tJie manner of dealing Vith it 
will illustrate the principles of defining. 

In the first plac'fi, there ma}'' be a contest as to the matter of 
fact. Could it be shown that these substances do give noffrish- 
ment, support, or strength fo the system, the difficulty is at 
once overcome ; in that pase, they fall under tin? definition. 
Op the contrary supposition — that they do not nourish the 
the ^system, — two courses are open. First, we may exclude 
them from the class ‘ Food,* and retain the definition. Or 
secondly, we may inc)ude*them, and miter the definition. ’As 
modified to suit thc^ exterision, the definition would be \sjib- 
stances that either nourish or stimulate the system.* JDo de-* 
cide between those two courses, we must, as before, refer 
juo the golden rule of classification, which recommends the 
{idherence to a smaller class founded on a gfc^it and important 
community, rather than to a larger where the community of 
meaning is attenuated to comparative insignificance^. Better, 
therefore, to retain two groups — Foods and Stirhufivits,**- 
each with its own definition. In that way, we should derive 
much more iiftbrmatioix respecting any individual thing de- 
signated either ‘ i’ood ’ or ‘ Stimulant,* than if the word ‘food* 
covered both. It may be that some substances combine both 
functions ; which would entitle them to be named ii> both 
classes. % 

We may notice the d»finitioj% formerly given of ‘ Axiom * 
by way of remarking* that a definition is obviously spurious 
that does not di^-inguish the given notion from notions 
already settled.. Thus, unless an Axiom be a real proposi- 
tion* it is not divided from Definitions ; and unle.sp it is 
fundamental within the science, it does not difier from the great 
body of Propositions so far as employed to prove otb‘er pro- 
positions* • The characters pi\)posed are alone sufficient to 
constitute a Separate notion, bearing the, name. 

These , cases suffid^ntly exempli*j the situ^^tioIl where a 
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word is extended to denote things that have few or no im* 
portant points of community. The ne3F;t example will bring to 
view a perplexity of another kind. 

Suppose we sf^ek to define a Solidl Summoning to view, if 
not all tfie solids in nature, sufficient rep'resenAatives of alkthe 
varieties compatible with the name — metals, rockP/, Y^oods, 
boneo, and all the products«,of ^ vegetable hnd animal life 
denominated solid — wo set to work to, compare them, arid 
note their agreement. There is little apparent difficulty' in 
•this instance. We see that, however various these bodies 
may bt, they agree in resisting force applied to change their 
form ; so rea&ily does this strike us at first sight, that the case 
seems scarcely worth producing to exemplify a logical formula. 
Let however, apply the Socratic test — exposing the defini- 
tion to the cavil of every objector, — and we shall probably 
soon be toid of a grave difficulty. The quality, so very 
decided in the great mass of insiances, is found to have 
degrees, to shade insensibly into the state called ‘liquid,’ 
where solidity terminates. Now, at what point does solidity 
end, arid the opposite state begin ? „ Is ^ paste, a glue, a jelly, 
♦solid or not ? Is Hamlet rii^ht im talking of ‘ this too,‘ too 
•solid flesh r 

W e'iiave Here not a mere cavil, but a frequent and serious per- 
plexity. Many couples of qualities, unmistakeably contrasted in 
the greater number of instances of them, pass into one another 
by insensible gradations, rendering impossible the drawing of 
a hard and fast line. Who shall say at what moment day ends 
apd night begins ? So, there has always been a doubt as to 
the exact individual that ends the animal series, and is neigh- 
bour to the beginning of %be^ plant series. ' Sleeping and 
waking may have* an intermediate state, with, difficulty as- 
signed tq, either. The great chemical sub- division into metals 
and non-metals has an a:mbiguous border in the substances 
arsenic and tellurium. In the animal system, the voluntary 
sHad/3S insensibly into the inypluntany. v. 

The Gredk philosophers displayed to^ the utmost the in- 
genuity that lights upon difficulties ; and ,this example did not 
escape them. They grounded uppn it a puzzle named the 
Sorites, or heap. A certain ,Heap was presented, whicfi ■ was 
fairly designated small ; it was then increased by very gradual 
additioqp; and the spectator was challenged to declare at 
what point it ceased to be small, and deserved to bevaccounted 
large. , « . . 

There is boi one solution of the riddle. A certain margin 
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must be allowed as indetennined, aiid as open to difference of 
opinion ; and such a margin of arrfbiguity is not to be held as 
invalidating the radical contrast of qualities on .either side. 
No one would enter intcP a dispute as *to thg moment when 
day. passed into^nigllt ; nol* would the uncertainty as to this 
moment Jdo admitted \s a reason for confounding day and 
night.* We muifb*agi^# to differ upon the instants of transi- 
tk)n in all sucit* cases. Whi^le the great body of the non-metals 
cart bo distinctly marked off from the metals, wo refrain fr®m 
positively maintaining arsenic and tellifriurn to be f)f either* 
class ; they are transition individuals, the ‘ frontier ’ instances 
of Bacon ; in that position we leave them. 

There is a margin of transition in the ethical distinction of 
Reward and Punisliment. In the groAt part of their extent, 
these two motives are amply* contrasted ; to bestow a reward 
for peribrmanbe, is a different thing from inllictiflg punish- 
Tnent for non-performance ; and the withholding of a reward 
is not confounded wkh punishment Yet circumstances arise 
when the one merges into the other. A kind parqnt with- 
holds from a child some , indulgence originally* meant* asT a 
rewifrd ; if the indu^ence Jhas been so frequent as to becopie* 
a kind of use and wont, the privation is hardly distingi'^iohable * 
from punishment. 

When it is said, no man is to be punished for bis opinions, 
we are not to infer that each "person is b'bqnd to associate 
alike with all persons of all opinions, because to give a prefer- 
ence is to stigmatize some at the expense of others. Our not 
choosing any one as a companion and friend is not to held 
as inflicting a penalty, or as manifesting disapprobation. 

Wo may farther exemplify Jhe rnethod qpon Matter. ^ As- 
sembling the various things recognized as Inaterial, say solid 
and liquid bodfies, and comparing them among themsalves, wa 
find a unanimity in these points, narhely, resistance to mjotion 
or* force applied to them, and exercising power or force when, 
in motion. , All solids and all liiAuids agree in these features. 
They farther agree ii^ being visible and tangible. * We must 
next bring into con^parison the gaseous bodies. Do these 
possess the same quality a^to resistance and moving power ? 
The identity is not at first sight .apparent, but becornes^so on 
a closer inspection; airs resist motion, and constitute 'moving 
power, although in a comparatively less degree thai\* solids 
and liqui48. They are not, however, as a class, visible and 
tangible ; consequently, eithq^ these qualities must be dropt, 
or gaseous bodies mu\ft be excluded; *we mutt make our 

n 
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choice. The decision is not diiKcult. So exceedingly import- 
ant is the material property of Resistance and Momentum 
(given in One word — Inertia), that we are justified in making 
it the foundation ot a class, evefi although wo associate 
together things visible and tangible, an^i Ihijags invisible and 
intangible. , • 

The next enquiry relates ta.the^Eth'ei^, or ^\iherial medium, 
occupying all space. Shall this be included in the clafts 
‘Matter?* If the property of Inertness can bo proved 'to 
‘belong to the supposed Ether, we must include it. On the 
oontrai’y supposition, we are in the alternative position already 
exemplified ; we must either exclude the instance or attenuate 
the defining properties. Now, the only community that 
could* exist between an; ‘unresisting Ether and Matter would 
be this very general circumstance, namely, being an extended 
medium fo‘f the operation of forces. The supposed other con- 
veys light and heat, and is therefore a transitory embodiment 
of molecular force, as solids, liquids, and gases, are of force, 
both molar and molecular. Better, however, on this extreme 
supposition, hot to class-' the Ether with Matter, but to leave, 
the defining property of Matter, the ali^important fact ties- 
»crihed by Inertia. 

The foregoing instances under the Positive Canon arc 
enough to show Definition in its primary character as a general- 
izing operation, and also to bring out the leading difficalties of 
the process— the adjustment of the particulars to comply with 
the golden precept, and the allowance of a doubtful margin in 
cases where opposites pass insensibly into each other. 

Negative Method. 

4. Canon . — Assembla for comparison the particulars of 

the Opposed, or contrasting Notion. 

• 

This amounts to saying .that, with the given Notion, we 
shall also define, by the same generalizirg method, the oppos- 
ing'Notion. As it is impossible for anythun^ to be precisely 
defined, unless its opposite is kno^m, and defined with equal 
precision, we must in substance perform the two-fold opera- 
tion, whether or not we formally separate the opposing aspects. 
The c^ses where the formal separation is. expedient will be 
made manifest by a few examples. * 

It is impossible to place the human mind in a more favour- 
able position* for comprehending a geifferality. than, by laying 
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out to the view two arrays of particulars — the one represent- 
ing the given notion, the other its negative. Tha notion of 
Straightness, for exampl'j, is thoroughly set forth by placing 
a series of straight otyects ^of all varieties in Sther properties) 
side by side witn a series of bent, curved, or crooked objects. 
SuppcJBii% the rgpres^niatiqn of both sides to be complete the 
.^ry utmost has boen done to pht tho learner in possession of 
th^ notion, ^idea, or (joncept, called ‘ straight.* 

Let us apply the method to the definition of a SoJ^d, 
positive generalization leads to the expression of the cftmmon 
attribute thus ; — ‘Solids resist* force applied to •change their 
form.’ Try next Jhe negative plan, by generalizing liquids 
(and gases). On an adequate comparison C)f these non-^lids, 
we are able to say, ‘ liquids and gases yield to tho slightest 
pressure, and •have no fixed form, except as givewi by solid 
enclosures ; ’ which is th^ exact obverse, and, therefore, the 
confirmation of the prior statement with reference to solids. 

E/Cverting now to the definition of Matter, alreyidy worked 
out on the positive side, let us seek for a negative ge'neyaliaa- 
tion. But what is the negative of Matter? Most person&i 
would answer ‘ Minft ; ’ wilich is true, but not the whole tnilbh., 
Matter is indeed opposed to Mind ; but it is also oppo^sed to 
Space unoccupied (except by the supposed Ether). The com- 
plete opposition to Mind is Btetension^ whether as resisting 
Matter ^or unresisting Space. Wo have theJrefore to oppose 
Matter to Space, and ask the definition of Space. Now, on 
comparing all our experiences of what we term empt^i^ or 
occupied space, we find this? common fact, freedom to mdve^ or 
scope for movement ; a definition the exact obverse of the 
definition of matter, or of tho /act called B^sistance or Inert- 
ness. • • 

Matter is sometimes opposed to Force. An argument for 
the immateriality of mind is founded on this opposition. 
Thus Hartley says, matter which is inert, cannot be the 9iib-* 
stance of mind, which is active, t)r a source of pnwer. This 
is a pure mistake ap?l confusion of ideas. It takes up One 
aspect of Matter — resistance, and drops the other aspect — 
mov^g force. 'The two tispects are inseparable; force is 
moving matter ; without matter there is no force. •’ * 

The method 'of Opposites will be ‘seen to ad vantage, in de- 
fining Chemical Oomhination^ the subject matter of the Science 
of •Chemiafry.. By the positive’ canon, we have to assemble 
numerous instances* of the ’so-called Chemical ^unions— the 
union of Oxygen and nydrogen to form water, oxygen and 
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carbon in carbonic acid, &Cv The operation would tarn out a 
very laborious one, from the great multitude of the particulars 
to be examined even, for adequacy, of representation. We 
shall, however, Suppose that there has hz^n. obtained a general 
statement of points of community ; naively, change of 
properties, definite proportions, and hea^i. ' • 

W a next ask what is Cheliiical Combinatiqu opposed to ? 
or the genus — Combination, what, arc the ipecies not chemicj^-l r 
The answer is Mecbaijical mixture and Solution (in its broad 
phase gf molecular adhesion). We should then have to gene- 
ralize these two, and confront' the points of agreement with 
those e.bove given. Now, we may dispense with drawing a 
formg,! contrast between Chemical union and Mechanical 
mixture ; for this reason, that the two are so prominently 
distinct as^ not to be in danger of being confounded. The 
profitable contrast is with Solution. i Generalizing the instances 
of solvent attraction — in common solutions, in alloys, &c., — 
we see that although the solidity of a body may be broken 
up, or its state changed, it I'etains the greater number of its 
^jharacteristic properties; salt and ©ugar, when dissolved^^are 
Jjhc same for most purposes ; the^ change is comparatively 
insignificant. Again, solution may be in all degrees up to 
saturation. Finally, solution is usually a cooling operation. 
These are the precise opposites* of Chemical union. We may 
draw up a pointedly contrasting definition in this form ; — 
Combination Solution 

f Characters of the Compounds 

Merged Retained 

Proportien of Gorribining 
Definite *• Indefinite 

Besulting change of Temperature • 

Heat Cold, 

in the above instance, the Negative generalization is the 
basier of the two ; the field of instances being sooner over- 
taken. The same advantage?^ belongs to the definifig of Mmd 
by ^ the opposite. The particulars constituting Mind are 
numerous, various, and complicated ; the particulars consti- 
tuting Extension^ the property opposed to mind, are much 
soonef gathered up into a gfe'neral notion, and that notion is 
much piore distinct and fainiliar than the properties of mind : 
moreover, the community of Extension is single ; of mind^ 
plrral. ^ ' 

Opposing j^iotions, having betvN uen i}pjA a border of ambigu- 
ous instances, are best cleared up by tie method of *Negation^ 
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with pointed contrast. We formerly had to notice the subtlety 
of the line that, .on sqpie occasions, divides the Notion from 
the Proposition ; the definition of a complex potion being 
often very difficult to distinguish from h Pr(jposition, . 

Appetite is n^t sufficiency defined unless pointedly' opposed 
to thp ration most nearly allied with it — Desire. 

The principle? of Utitity, as tlip moral standard, is opposed by 
*^entham, to the two principles — Asceticism, and Sympathy 
o^ Antipa'iihy (Sentiment). ^ 

The Plant or Vegetable is defined by a parallel array of 
^contrasts with the Animal ; apd conversely. 

^ Deductive Dcfinifionx 

5. When Complex Notions are^^lomled by comijpund- 
ing simpler notions, as in the Deductive Sciences, they 
may be defined by stating their composition. • 

• In the Deductive Sciences, as Mathematics, notions as well 
as propositions are formed by artificial composition or deduc- 
tion. Given the notion ‘triangle,’ and the vatioiis notions 

* right angle,* ‘ equality, &c., we can construct the cbm{)lex 

notions ‘ right-angled triangle,’ equilateral triangle,’ ‘ isosgeldh 
triangle.* No reference to particulars is needed for defining 
such notions ; we merely recite the elements used in com- 
pounding them ; ‘ a right-angled triangle is a triangle with 
one right angle.* * ^ 

Having the notion ‘ attractive force,’ and the various numeri- 
cal notions, squares, cubes, &c., wo constitute the artificial 
compounds, ‘force as the, square of the distance, tli:J,pube»of 
the distance,* and so on. ^ 

This is the oho^ grand exception to the principle of defining 
by the generalization of Part^iculars. Froffi the magnitude of 
our Deductive Sciences, there is a very large nurnbar of such 
motions ; and they have been the means of witbdrawing»atten- 
tion from the fundamental process of Defining through tlje 
compariscAi of instances in the qpnereto. § 

We make arcifie^il compounds, not merely for scientific ' 
ends, as in the Deductive Sciences, but also in the exercise of 
Imagination, as when we .feign gods, demi-gods, demons, dra- 
goiTs, and ideal personages and 'Scenes in poetry. Th(.\ defini- 
tion of these notions aJso is tlie statement of their composition. 

, The Language of Definition. • 

* 6. The Lstnguage of Definition consists in assigning the 
constituents of a Coii^lex Notion. ’ 
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The dictionary definitions by synonyms have an inci- 
dental value, but are not proper definitions. 

The generalizing operation terminates in the seizing of com- 
mon features, which have to be embodied in language. Now, 
the language used must express some mo; e elerfi'entary notions, ' 
whose combination gives the required nation. , ‘ A solid resists 
force applied to change its foriii * — is an expression substitiiT. 
ting for the word ‘ solid ’ a coalition of more elementary ard 

f eneral names — ‘ resistance,’ ‘ force,’ ‘ change,’ ‘ form.’ The 
efinition of Property is — ‘ the right of each person to dispose 
•of whatever things of value they have either acquired by their 
own labour, or obtained by free gift or by fair agreement from 
those that have so acquired it.’ Here the constituent notions 
are* :^ight,’ ‘disposal,’ ‘value,* ‘acquisition,’ ‘labour,’ ‘gift,’ 

‘ agreement.’ 

Liberty is definable as the power of using one’s faculties at 
will, subject (if Civil Liberty be meant) to not interfering 
with the like use in others ; implicating ‘ power,’ ‘ faculties,’ 

* will.’ 

Thus the so-called method of ‘ Analysis ’ is the method of 
expressing every proper Definition. Whether the source of 
^he definition be the generalization of particulars, or whether 
it be deductive as just explained, the wording of it is analytic. 

The use of synonyms in defiring depends upon the circum- ' 
stance that almost every notion or thing has a plurality of 
names, and may be better known by some of these than by 
others. There are many names for the fact called ‘ pleasure 
joy, enjoyment, delight, happiness, felicity, delectation, rapture, 
ecsfcacy. The less familiar <?f these names are explained by 
the help of the more; familiar ; but this is not scientific defining, 

7. The scholastic formula of defining — per genns et 
differentiam — like Analysis, belongs to the expression, 
rcther than to the discovery of tbe meaning of a notion. 

Each of the constituent notions expressj^ig a complex notion 
is necessarily more general than the CQmpound. ‘ Three,’ 
‘side,’ and ‘figure’ are each more ^general tljan the nption 
‘triangle,’ which they express by their combination. We 
may, therefore, take any one of these and call it generic or the 
genus — say ‘ figure : ’ ‘ triangle * is then a species of figure ; and 
its differentia or specific marks discriminating it from other 
fibres are given in the remaining characters ‘ three ’ and 
.‘side,’ ’^combened int6 ‘three-sided.’ fSo, if eloquence be 
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defined, analytically, as ‘ the influencing of men’s feelings and 
conduct by means of *speech,’ we might call ‘ influencing 
men’s conduct,’ the* genus, and ‘the employment of speech,’ 
the specific difierence. * We might, also, iiivert t]|^e terms 
and make * spuech ’ * Jhe genus, and ‘influencing men’ the 
difference. ^ ^ 

This latitudei;*hqwl&ver, is usTially restrained by the ci?cum- 
‘ftance that one of tjie constituent properties is the basis of a 
recognized^class, already existing. Thus, in defining a cirele, 
‘ line ’ is the recognized genus, and ‘ equal distauc'e from a 
^point,’ the specifying attributa. A great numj^er of ’classes 
and class notions fall under some superior class, or notion, on 
some one or more* of their attributes. Not to mention the 
systematic classifications of Natural History, we may pflint to 
such cases as Painting (genus Fine Art), Mathematics (genus 
Science), Prudence (geiyis Virtue), Planet (gends Heavenly 
Body), Gold (genus Metal), Whiteness (genus Colour), 
Cathedral (genus Building). 

Instead of presenting an exhaustive analysis of a jiotion, or 
class connotation, this^ method suppoijes that generic proper1:ies 
are* already known* that„people are, as it were, educated, up 
to the point of comprehending the genus, and need qnly td 
have the genus mentioned, and the specific differences stated. 
.Thus Mathematics is the Science (genus) of quantity (differ- 
ence). Ethics is the Science ’^genus) of rd(jn’s duties (differ- 
ence). ® Painting is the Fine Art (genus) that works by colour 
(difference). Poetry is a Fine Art employing the instrument 
of language. Prudence i^ a Virtue (genus) having rt)ference 
to the welfare of the individual aj^ent (difference). Justice is 
a Virtue, involving an equal 9 ,nd impartiaU distribution pf ad- 
vantages, according to a received scale or* standard. Polite- 
ness is Benevolence in trifles. Religion is Government 
(genus) by a Supernatural power (difference). Wonderf Fear, 
Love, Anger, are of the^genus ‘Emotion,* each having 
specific difference. Sight is of* the genus ‘ Sensation ; ^ dif- 
ference, ‘ by the Ey<^’ ^ 

Locke’s remarks 6a the scholastic type are very much in point. 
They, are in substance thesfv: — When, in defining, we make use of 
the* genus, or next general wordy it is not out of necessity, but 
only to save the labour of enumcirating the several siniple ideas 
that such general word* already expresses, (or perhaps t^ shame 
of not beipg able to give the full enumeration). Definition being 
irtithing but making any one understand by words what idea the 
pven word stands "fa^ it is best made by giving jiU the simple 
ideas combined in the^ signification of the term ; and if people 



168 


CANONS OF DEFJNITlblJ 

have been accustomed, instead of the full enumeration, to use the 
next general term, it is neither from necessity ncr for greater clear- 
ness, but for .quickness and despatch, (Essay, Book III. Chap. 11.) 

• f *' 

Ultimate Notions, 

8. For simple or Ultimate Notioil's, the generalization 
from# Particulars still holds, ^but veAal exv>ression neces- 
sarily* fails. 

For attaining the notion ‘ whiteness ^ we gathei^ particular 
examples* of white colour, and of colours not-white. The^ 
. conjunbt imp]|;pssion of the positive and the negative particu- 
lars does everything that can be done to master or to convey 
the notion ; we may then attach a name to enable it to be 
spoken upon, but we cannot giYO a verbal definition of it ; 

' there are no notions, more elementary, whose, combination 
would give 'the notion ‘ white.* So ^ve cannot by any form of 
words convey the idea of ‘ resisting ; ’ as an ultimate fact it 
can be known only in the actual experience of a cornpanison 
of resisting things. 

We may define Equality by Coincidence, but we can give 
no definition of Coincidence, we must shov" it. Any attempt 
At verhp,! expression, by such synomyms as ‘ agreeing in size,* 

‘ exactly fitting,’ would be illusory. 

Succession and Co-existeneg are an ultimate contrasted 
couple, definable t^nly by reference to examples. 

Unity and its opposite, Plurality, are indefinable.' We 
must produce an array of objects with the common attribute, 
sifcgleuess, and another array of gr/^ups, and the comparison 
of the two arrays by the obsgyver is the only possible mode of 
attaining the conception. < 

A Mathematical point is indefinable. The definition given 
in books 'in geometry, ‘position without magnitude* is not 
more elementary but more complex, than the thing defined. 
Xhe correct mode of defining a poiijit for geometrical purposes 
seemt to be^ to indicate to the eye* positions or landmarks 
where we begin or end a measurement, or make a division. 
The 'knowledge of a point or a position is obtained in the same 
concrete examination that gives length and space dimensions. 

A linejs not definable ; as just noticed, it is an abstraction 
derived from comparing extended bodies. 

An abgle is not definable ; ‘ inclination ’ is merely another 
name for the entire notionj it i^ not a simpler or mofe elemen- 
tary conception. Actual examples mustrbe shown. There is 
*a mutual impfication pf a circle with an angle, so that if we 
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were made to master a circle in the first instance, we might 
then learn an angle by ^definition ; but in the process of know- 
ing the circle we conid not avoid knowing an angle.**' 

‘ Complex ideas,’ says Hui]je, ‘ may, perhaps be well kneVh by 
definition, which k nothi/ig but an enumeration o^ those parts or 

* Our sensibilitic* in gvitVal give us the experiences of Difference and 
Agreement ; Quantity, nimount or degree , Number, or discrete quantity ; 
and, Time (Succession is not fully ^iyen until we have the special experi- 
ence of the siAultaneous, an acquired and complex notion). <» 

The Muscular sensibilities, in particular, giv6 Resistance ani Motion ; • 
i^hich, by the farther help of sense experiences, are unfolded intn Space 
and Co-existence: 

Every one of the Senses contains one or more ultimate experiences,; no 
one sense can enable ’us to conceive what belongs to another. What 
^ number of independent or underivable sensations should be attrib;»ted to 
each sense, we cannot easily say ; Vhiteness, and the simple colours must 
be conceived as* ultimate; while even the compounds a»id shades of 
colour are probably for the mtfct part beyond our power to conceive by 
any mere coustructive effort, or apart from actual experience , a circum- 
stanc<i that would mak»5 the ultimate notions of sight very numerous. 
Similar remarks may be extended to Sounds, Touches^ Smells, and 
Tastes ; under every one of those classes of^ sensations, there Vnust b© a 
considerable number that tanndt be referred by derivation to others, and* 
must bo separately experienced? Our Organic Sensibilities, in like man- 
ner, contain numerous characteristic and independent modes ; hunger, * 
thirst, repletion, suff’oeation, headache, rheumatism, &c., are all indefin- 
able by analysis, because they are ultimate modes of sensibility. Even 
although many of them have a common character, pain, they have a 
speciality which can be understood only by being felh 

In the higher Emotions, as Wonder, Fear, Love, Anger, Pride, 
Curiosity, we have many compound states. Tho aesthetic pleasures are a 
combination of simpler modes. Still, a certaiia number of elhoHons bye 
to appearance ultimate, as Wbnder, Fear, Tenderness, Power;* while 
there is an absolijtew certainty that they» could not be conceived without 
being actually felt. ,*Moreover, many emotions thit the Psychologist is 
able to analyze opuld yet be constructed only with very great difficulty by 
the help of the elements alone. \ person that never experkinced the 
sentiment of veneration could scarcely arrive at it by merely being told 
what are its constituents. * 

The elementary experiences of the mind are, therefore, very numerous 
and so, theMore, are the iffdefinab.V notions. The varied situittions 
of human life give bir^Ji to notions practically indefinaDle; the idea 
of a Political Society cpuld not be communicated to any one that* had 
never been a member of some actual society. Hence, in our attempts to 
defing Government; Law, Authority, we must make an appeal to the con- 
crete experiences of the listener. ' ^ » 

When all such. cases are, taken into account, the notions that are of ,an 
indefinable and ultimate nature must he reckoned by hundreds, ^•Diction- 
arv makers have hith’erto overlooked .this circumstance ; and hence their 
pretended definitions revolve in a circle of words, where there should be 
a reference to actual thir^^s. How vain is a verbal definition of such 
words as light, heat, motion, large, up, fragrance, pain, winder 1 
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fiimple ideas, that compose them. But when we have pushed up 
definitions to the most simple ideas, and. find still some ambiguity 
and obscuaity ; whatrescarce are we then possessed of ? By what 
mvention can we thi\jw light upon these ideas, and render them 
altogether precise and determinate to our intellectual view ? Pro- 
duce the impressions or original sentimetits, frdm which the ideas 
are copied.’ , ^ 

Ldcke considers himself to havo been the first to reunark that Simpl e 
Ideas are indefinable. By Bcid and by Stewart, the merit of first 
stating the fact is ascribed to Descartes. Hamiltoil" would trace 
it back to Aristotle (Reid’s Works, p. 220) : but Mr. Mansel 
questions the interpretation ptjt by Hamilton upon the passage 
apparently relied on (Aldrich, Appendix, Definition), and quotes a 
remarkable passage from Occam, approachii.'g closely to Locke’s 
position concerning ‘Simple Ideas. Aristotle, says Mansel, maybe 
cited'as an authority for limiting the indefinable to Summa Genera 
and to Individuals. 

Aristotld fe general theory of Defi,uition is much perplexed by 
being treated as an investigation of Cause, and by keejmig up the 
distinction of Substance and Attribute. But, in regard to ‘^.hunt- 
ing for,’ as Ije expressed the search after, a definition, he allows 
the mothod o^ generalization from particulars, as well as the deduc- 
,tive method, by working down from a higher genus. He also 
give.s an intelligible distinction between Ndminal and Real Defin- 
’*ing. The Nominal definition applies ‘ where there is no evidence 
of the existence of the objects,* as when we define a purely ima- 
ginary being, such as a centaur. . This of course could only be a 
deductive definition. Real definition applies to things known to 
exist and would Do most completely exemplified in defining by a 
generalization of particulars. 

Mr. Mi’l draws the line between Nominal and Real Definitions 
—Definitions of Names and Definiti^tns of Things — by remarking 
that the last-named kind, along with the meaning of a term, 
covertly asserts a matter of fact. (Book I., i Chap. VIII.). The 
Real Definition postulates the real existence of tht thing defined. 
In another place, however (Book III., Chap. V.), while discussing 
the lj[ypothetical character of the Definitions of Geometry, 'I\Tr. 
Mill remarks truly that in order to reason out facts we must shape 
Our hypotheses to facts ; imaginary assumptions ^ could bear 
ima^inaiy ccnsequencos, but need real assumptions in order to 
give real consequences. '* 
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•1. General Names may npt be absolutely inaispensaoie 
to general iiotions, but, besides being necessary to couv 
munication, they aid the memory in remembering genera- 
lities, while without them, we could not combing a nufober 
of distinct notions into propositions and reasonings. 

4 We might discover similarities in nat^ire, and might rerjem- 
ber and act upon such discoveries, without the use of language. 
We could not,* however, impart such discoveries others. 
We might, indeed, in soifie instances, put the resembling 
things side by side, wjiich would make the identifying opera- 
, tion tsomewhat easier to those that came after ins. By a 
similar device, we might indicate a patural conjnncbioh, m 
certain very limited cirbumstances. The powers of fire might 
be expressed by putting on one side of a fire, a pile of wood, dnd 
on the other a heap of ashes ; even this would not be intelli*gible 
without pantomime. But beyond the simplest cases, the 
attempt at expressing general la^vs would utkjrly break down. 

Our Qwn recollection of discoveries of identity is vastly 
lightened by the use of names. The employment of the same 
name to the resembling things, both expresses the things tfs, 
individuals and declares tlleir community or likeness ; this 
, mode of signifying likeness being all others the least bur- 
densome to the meftiory. The complex and» many-sided like- 
ness in difierSnce, charactertetic of natural object{| — the 
possibility of including the same object, an orange for e:^am- 
plef, in a great number of classes — renders this easy mode of ^ 
keeping the^ various comp^itaities before the mind, of iiiqgti- 
mable value. By the use of a few terras — round, ybllow, soft, 
sweet, we can compendiously grasp all the relationships of the 
orange, and make them enter into our reasonings with com- 
parative ease. No discovery o^^ identity among objects is 
secured against neglect, until, joined to a common if&me, it 
can be borne m men’s* minds by means of this gentje and 
constant inginuation. 

# • 

2. The conditione ipf general Naming fall ^under two 
. heads. 
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First. Every name should have a meaning well defined. 

The necessity of this is too obvifus to' need enforcement. 
Every science should have all its terms' defined^ The end oT 
th6 Logic of Definition is to fix the meanings of general names. 

We find iii point of fact that word^ ofte repossess numerous, 
distracting, and incompatible meanjnps. . ^Take the familiar 
tei*m ‘stone.* It is applied«»to mineral and ^rocky materig,ls, 
to the kernels of fruit, to the acdumulatiions in the gall blacjder, 
dUd in the kidney ; while it is refused to polished minerals 
(called^gems), to rocks that have the cleavage suited for roof- 
ing [ slates V and to baked cl&y (bricks). It occurs in the de- 
signation of the magnetic oxide of iron (loadstone), and not 
in speaking of o«ther metallic ores. Such a ter.m is wholly 
unffo for accurate reasoning, jmless hedged round on every 
occasion by other phrases : as building stone, precious stone, 
gall stone, &c. Moreover, the r methods of definition are 
baffled for want of sufficient community to ground upon. 
There is no quality uniformly present’ in the cases where it 
is ap plied J and uniformly absent where it is not applied ; 
hence, the definer woilld have to em^fioy largely the licence 
of striking off existing application<s aiid taking in new ones. 

3.' The demand for new names is a cause of the loose 
extension of words already in use. The processes of ex- 
tension are Sii^iilarity, Composition, and Contiguity. 

<• 

(1) The operation by Similarity is described by the name, 
nerv' object is brought into comparison with some one 
alreddy known, and the name transferred accordingly. Thus, 
on the discovery of an additional coal-field, alhthe designations 
previously in use^in connexion with coal hre legitimately ex- 
tended^to the new formation. ‘•More precarious extensions by 
similarity are often mad3. It is enough to mention the whole 
class of metaphors, wherein, by virtue of similarity, acebm- 
^panied by serious diversities, old: words are employed in new 
meanings ^ ‘ light * to signify knowledge, ‘ fire * to denote 
zeal and irascibility, ‘ birth * and ‘ death - to mean many things 
differing widety from the beginning and the ending of life in 
an organized being. , ' 

(2/ The process of Composition is shown in framing new 
words, by the union of existing words ; as log-book, mince- 
meat, 'hail-stones, far-sighted, and by the systematic employ- 
ment of prefixes and suffixes, prejudge, undo, withhold, 
boundless, wisdom, bearer, unnecessary. 
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Tile same process is seen in using a plurality of words to' 
convey a single moaning;: as in thtJ systematic designation by 
genus and species, vibite man, moss tdse ; and in iiuinerous 
many- worded combinatioifs and circumlocutions — ‘ the Jast 
surviving descei^ant ‘of aif ancient family,* ‘ the father of 
History.* • 

(3) The proces^hof Contiguity* is exemplified in the figure 
called Metonymy — as in using the ‘ crown ’ for royalty; the 
‘ tuff ’ for IjRirse-racing. So long as the figurative characf^pr 
of this operation is kept in view, there ife no harm done. A • 
ri^ore dangerous employment of contiguity is exemplified in 
what is termed the ‘Transitive application of. w6rds.* This 
operation demands Special notice. 

4. A word originally applied to a thing, by virtue of one 
quality, may ^contract the additional meaning, of some 
associated quality, and thence be extended to things pos- 
sessing the second quality singly. 

This tendency was brought into prominence ‘by Dugald 
Stewart, who gives tliQ following syn^bolical elucidation of *it. 

‘ Suppose that the ]s)tters A, B, 0, D, E, denote a series of ^ 
objects ; that A possesses some one quality in common with • 
B ; B a quality in common with C ; C a quality in common 
with D ; D a quality in common with E ; while .at the same 
time, no quality can be found which beion]^^ in common to 
any thr^e objects in the series. Is it not conceivable, that the 
affitiity between A and B may produce a transference of the 
name of the first to the segond ; and that, in consequ6]jce 
the other affinities which connect the remaining objects to- 
gether, the samG*Tjiame may pass in succession from B to 0; 
from 0 to D ; .and from D to E ? * ' 

The word ‘ damp * primarily signified moist, humid, wet. 
But the property is often accompanied with the feeling 
of cold or chilness, and hence the idea of cold is strongly 
suggested by the word. • This is not all. Proceeding upon 
the superadded mefyiing, we speak of damping a man’s 
ardour, a metaphor where the cooling is the only circumsta^ice 
conceimed ; we go on stilhfarther to designate the iron slide 
that*shuts off the draft of a stovu, ‘the damper,* thejivimary 
meaning being now entirely dropt. ‘ Dry * in like manner, 
through signifying the absence of moisture, wa^er, or 
liquidity applied to sulphuHc abid containing no water, 
although not ‘therebviceasiMer to be a moist, wet, or liquid 
substancoi 
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The word ‘letter* has undergone a series of transitions. 
Originally applied to the ‘alphabetic;, characters, it passed to 
epistolary .correspond^iice, to literature •(letters) ; but in our 
post-office sys(;^m it has strayed ^oill wider ; it has come to 
mean parcels made up of jewellbry, sbft gp.ods, and miscel- 
laneous wares, provided they are carried by post. ^ 

‘<3as* is the popular nam^ for any efflnvit^ anything in the 
air. ' Cloud and smoke would ho called gaseous emanatioAs, 
although they are not properly aerial bo*Sies. ‘ 

» A ‘ bsvck door * originally the door at the back of the house, 
for servants, is applied to the, door for the same purpose whdn 
in front of the house. 

‘’Street,* originally a paved way, withaor without houses, 
has been extended to roads lined with houses, whether paved" 
or unpavod. 

‘ Impertinent ’ signified at first irrelevant, alien to the pur- 
pose in hand ; through which it has come to mean, meddljng, 
intrusive, unmannerly, insolent. So wide is the difference 
between tho first and last senses, that, in spite of the apparent 
ease 'of the transitions, Mr. Bailey s, aspects the influence of the 
• similarity in sound with the epithet *'* pert * (Discoursts, p. 

, 101 ). ^ 

‘ Tkste * is transferred by similarity, or metaphor, from the 
feelings of the sense of Taste, to the feelings of Fine Art pro- 
ductions. There* is also, in all probability, a transition in the 
double meaning of the word in both employments, namely, to 
signify the pleasure imparted, and also the discrimination of 
f^odies^ by taste, and of good and bad in Fine Art productions. 

Examples may be quoted from the highest questions of 
philosophy. Thus, the ejUthet ‘ beautifuy ■ pi’operly circum- 
scribed by Fine Art, is often loosely applied to pleasures not 
artistic., * 

Tjjiis misleading tendency was never adverted to by either 
Plato or Aristotle, who, in their enquries, counted on finding 
uncjer such words as Beauty, Ohuse, Justice, some unity of 
signification. The same mistake pervades Bacon's inductive 
enquiries. / ” 

The word ‘ gentleman * is an example of transitions growing 
out of historical and political circumstances. ‘ Meaning origin- 
ally a ^an bom in a certain rank, it came by degrees to 
connote all such qualities or adventitious circumstances as 
were usually found to belong to persons of that wenk. This 
consideration explains why in oqe of ite yulgar* acceptations it 
means^ any ene who Jived without labour, in another without 
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matmal labour, and in its more elevated signification it has in 
every age signified 4:he cqpduct, character, habit^and outward 
appearance, in whomsoever found, which, according to the 
ideas of that age, belongbd or were expected to belong to 
persons born and#^ducajjed in a high social position.* 

Similar* changes^ are traceable in the words ‘loyalty,* ‘vil- 
lain,* ‘ pagan.* ® , 

•A ‘ convict * properly means one convicted or found guilty ; 
but* the signification 'most prominent is the transition to tLe 
state of hard labour entering into the punishment of convicted 
fSlons. w 

5. The derivations of terms frequently exhibit, in con- 
junction with configuous transitions, an -element of simi- 
larity. 

In an interesting chapter devoted by Mr. MiU to ‘the 
Natural History of the Vaiiation of the meaning of terms,* he 
notes two different tendencies to change both grounded in 
similaTity — the one a movement of Generalization, .the other a 
movement of Specialization. , ‘ 

A%to the first, the rendering of specific terms general, we t 
have such examples as ‘ salt ’ extended from sea salt, to the 
class of saline bodies ; ‘oil * from olive oils to oils generally ; 

‘ squire * from the owner of a landed estate to other classes 
supposed to be entitled to a similar position ; ‘ parson * from 
the incupabent of a parish to clergymen at lai^ge. 

The Specialization of terms is apt to arise when people 
have occasion to think and speak oftener of one moirsber of 
the genus than of the others. Thus ‘ Magazine,* a stdi’e or 
receptacle, has* been narrowed tc a periodical publication. 

‘ Cake * is specialized to pastryi A ‘ story ^ is used to desig- 
nate a lie — a cftrious illustration of the frequent inaccuracy of 
current narratives. ‘ Pleasure * has oftener the signification 
of a very narrow class of enjoyments ; to which corresponds a 
special meaning of ‘ virtue’ and virtuous. ‘Wit* formerly 
meant intellectual power of auy*^ kind ; Bacon, Milton, and 
Newton were great wfts. The modern tendency is to restrict 
it to the production oT ludicrous effects, and even still farther 
to thg ingenious play upon Vords^. 

6. The precautions ^to be observed in re-adjusting the 
signification of terms, are these : — First, important ,)iiean- 
ingip in cmrent use, or meanings at the base of important 
predications, i^houli ^ot ba disturbed > secondly, the as- 
sociations of powerful sentiment should not beieversed. • 
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In restricting the word ‘beauty' to the refined pleasures 
of Art, and of..the artistic element of ,Natui*e, we do not inter- 
fere with* any recejyecT propositions, non with tlje approving 
seniyin^qrit, competed with the term® The word ‘ wit,’ in its 
modern restriction, has undergone a njdch grsater revolution, 
and certainly docs not support the same propositiono, ^or the 
sanfe associations of dignity fts in Queefi Anfie’s time. ‘ Jus- 
tice ^ cannot be accurately defined withejut a reterence, in tfte 
lafct resort, to law, authority, or command ; or* at leasi to 
men’s opinions as to*^what should be authoritatively enjoined 
or cofnmandpd ; a mode of defining that has always been ud- 
palatable, as making the illustrious quality of Justice, the 
creature of law and opinion. 

‘ Givilization ’ should, if possible, be so defined that the* 
European nations should be included, and ^ the American 
Indians, Bosjesmans, and aborigi,nal Australians excluded ; 
while no unfavourable sentiment should be introduced,, by 
giving preponderance (as Rousseau did)* to the supposed, evils, 
or disadvafttages, attending on the arts and discoveries of 
civilized nations. ♦ # , 

' I’he difficulties attending the ^e-defi^pition of a word are 
illustfated by the repugnance felt by many to Mr. Grote’s 
view of the sophists ; a view that conflicted both with prevail- 
ing propositions and with feelings of dislike. A regard to 
truth or to jusV6e may necessitate our violently interfering 
with a received usage. • 

^ From^the strong tendency to associate the word ‘ pleasure ' 
with, file gratifications that border on vice, ethical theorists 
are hampered in using it to express the natural and legitimate 
end of human pursuit, TLey,bave to sub^titilte for it, happi- 
ness, well-being, "or other words of more fefble import as 
regards*the zest and enjojyment*of life. 

Mr. Mill adverts to cases where he thinks it might bp a 
♦great misfortune to banish entirely the former meanings of 
words ; inasmuch as the qperation may involve* the unfair 
predominance of a one-sided theory on^some important ques- 
tions. He supposes the temporary pu^ valence of a selfish 
theory of virtue, the consequence , of which flight be tjiat the 
word* ‘ virtue * would cease ^o connote disinterested conduct, 
and the very idea of such being di:opt, the .practice might 
degenerate accordingly. The remark, however, has no appli- 
cation to the words of obsolete physical theories, as«‘epicy<^e,* 

‘ phlogiston,' * vis viva ^ ' or to names ths^j distort tod confuse the 
phenomena*’express^d by them, as free-will and necessity, or ^ 
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to the names of infelicitous classifications, superseded by 
better. And in those (jhanges of meaning adaj^ed to the pro- 
gress of scijence, as*with the words ^It,^cid, it is* expedient 

to di'op entirely the earlibr significations. • , . • ’ 

■ • • 

7. The secofld Eequisito of language is, that there should 
be 11(5 importaiit-meiiifing without its word. 

• rhis involves (I.) a Descriptive Terminolotjy. 

It is essdhtial that we should be able to describe with acdhr- 
acy all individual facts and observations ; consequenfly names 
5riust be devised for all the knowvn qualities of tilings whether 
physical or mental, and also modes of signifying diSerencQS of 
degree whenever tlogree is taken into acceunt. To describe 
the diamond, we need such n^mes as crystal, refracting ^ower, 
specific gravity, hardness ; and a numerical scale ^or stating 
the amount or degree of (|^ch property. Separate names are 
required for all our ultimate feelings and sensations. 

A% regards the Object World, the fundamental experiences 
are the muscular states called Resistance and Mofion, a^d the 
Sensations — which, in,the«order of thnir objectivrty, are Sight,^ 
Toiibh, Hearing, Ta|te, Snjell, Organic Sensations. 

The property called Eesistance has other names ; as yorce. 
Inertia, Momentum. Grravity is a mode of the same property. 
The only farther requisite is a»|cale of Degree, which, in this 
instance, is given by the one perfect metfi®d — Arithmetical 
numbei^. 

On the experience of movement, aided by sense, is grounded 
the object property called, in all its varieties^ alsb 

Space, Extension or Magnitude, apd Form. The varieties of 
motion are quidk apd slow, regular and irregular, of thiS or, that 
form, and so qp. Names are ^iven to all the modes, and for 
most, there are numerical estimates of degree. The Same re- 
marks apply to Space or Magnitude* which is pre-eminently 
open to arithmetical statement, • 

Form is ft property subject to great variations, pnd nafhes 
have to be found accordingly. The simple forms of Geomejry 
— as line, straight, •angular, curved, circle, triangle, sphere, 
cone, <J;c., are onp department. The objects of nature and art 
have* many others besides — heaft-shaped, egg- shapecj, •pear- 
shaped. , ^ . 

The language of Botany is most exigent of design atfons of 
forpi. ‘ • • 

Colour has been exfiressed by assuming a certain number 
of primary colours, and treating the re&t as shades of* these. 

L2 
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ThuS| we have many diflferent greens, blues, reds, yellows, 
greys ; often t;^aracterized in the manner above described by 
quoting objects that exemplify them, sky blue, ultra-marine 
blue, qpple gr^en, 'blood red, French-grey. TJaese names, 
however, do not defme the colours; they 4 p from two 
simple ideas enable us to conceive a compound without refer- 
ence to the actual thing, they ^aerely matk a species as distinct 
from other species. 

To make colour as far as possible a precise character in 
' Mineralogy, there is a classified list, introduced by Werner, 
giving a name to every impoi;tant variety of mineral colour. 
Eight colours are chosen as fundamental, white, grey, black, 
blue, green, yellow, red, and brown, and under each of these 
is arruyed a list of shades. Thus, under ‘ blue * are enumer- 
ated, — blackish-blue, azure-blue, violet-blue, lavender-blue, 
plum-blue, berlin-blue, malt;bluq, duck-blue, indigo-blue, 
sky-blue ; ten varieties. Similarly for the others ; the number 
of shades being in some cases greater, in others less. 

For the scientific description of the outer or object world, 
thb most essential properties are Magnitude, Form, Move- 
ment, Resistance (including all ^he i^pdes of Force), and 
* Colour. Next to these in importance are Sounds^ which also 
posess a terminology. The musical notes can be given 
numerically and symbolically all other varieties of sounds 
must be design,ated by distinct names, as melodious, har- 
monious, silvery, sweet, soft, harsh, grating, voluminous, 
silvery, wooden — names requisite alike in practical life, in 
ocienpe and in poetry. In the diagnosis of the chest, there 
are characteristic sounds, which receive appropriate names. 

Touch proper js cognizant qf roughnesg and smoothness ; 
in combination with muscular feeling, it gives ^hardness, soft- 
ness, and elasticity (within limits). The hardness of minerals 
transcends touch ; the harder body scratches the softer ; and 
^ scale of hardness is formed upon this test. The pulse is 
estimated by touch proper, ^and Decides the number of beats, 
names are ^applied to signify its tactile ijiodes — as feeble, firm, 
wiry, steady. 

Tastes and Odours are provided ,with namea After indicat- 
ing |he mdre general modes — sweet, bitter, pungent, we 
descend to the marked individualities, which ai^e named chiefly 
(accoi^ding to the most usual device for supplying terminology) 
from the substances where •they are most marl^ed — apid, 
alkaline, sooty, game, spirituous, oi jy ^tastes; garlic, spice, 
earthy. 
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The Organic Sensations — Acute^ains, Respiratory feelings, 
Heat and Cold, Digestive feelings, <4^^ have ^^on^enclature, 
partly usefcd in evefy day life, and still !23rDre extensively in- 
volved in the medical^art. ^ . 

AlthoMh the*6ensa<ttons have all an object reference, they 
yet esich con taii^subjejc live elements, becoming more* and jpore 
prominent as ,we recede from •sight and touch ; and being 
alijiost the^whole i» the organic sensibilities. Hence their 
designations are part of the subjective vocabulary, or file 
vocabulary of Mind proper. This is completed by a series of 
designations for the Special Emotions; for tht Will in its 
various aspects — including desires, appetites, deliberation, 
resolution, belief; and for the InteHectugfl processes— idea, 
memory, reason, imagination^ association, agreement. 

8. II. Theve is demanded next a name for every general 
notion, or distinct produSt of ‘generalization. 

The previous demand is limited to the means of describing 
every fact belonging to either the object or the subjeqt world. 
The present relates more , particularly to general notions/or 
generalities. But Jhouglj the two ends are different, .the 
means are in great part the same. All the names ^f the 
Terminology are general names ; they mean qualities in 
general, although by their copibination they can specify and 
individualize. Resistance, Form, Ooloui^,* Sound, Taste, 
are general ; and their more specific modes heavy, round, blue, 
melodious, sweet, are also general. So that the Terqiinology 
already contains a provision for expressing numerous insults 
of the generalizing operation. 

Still, the ainf d^w propounded is so far, distinct froni the 
other, and may require to be separately cofisidered and pro- 
vided. The results of generalization are of two kin ds-^ classes 
in the concrete, the subject-matter of’Ihe concrete sciences^ and 
<iualities in the abstract, which are the characteristic subject-i 
matter of tlie fundamental science^ — Mathematics, Physics,%fcc. 
The names for the fir jt department are not provided for under 
Terminology ; thus, Quartz, gold, oak, rose, fish, mammal, are 
radically distinct from har(^ yellow, fragrant, warm — the one 
group comprises* class names, the other the qualifyiyg and 
descriptive adjectives. 

The Terminology coincides much more nearly wi£h the 
nayes use^ in the general sciences ; the notions of Mathema- 
ti^, and of Cbemisti;5r|( apart* from the names of the concrete 
^ substances, gold, &c.), are all more or, less a ^art of the 
'descriptive vocabulary 



180 GENERAL NAMES. 

9. It is important that the names of generalities should 
be short.. c> ' ‘ 

• Tl'e discovery of 'the relations of general reasoning is facili- 
tated by the brevity of the designations.. If we had to employ 
a long periphrasis tor distance, square, gravity, body, it would 
be impossible to shape an intelligible ^notlqu of the law of 
gravitation, still less to confbine it with equally lumberiiur 
e:>^pressions for tangential force, and for the resistance of ^jhe 
'air, in considering projectiles. The advantages of methods of 
abbreviation are illustrated ^ the mathematical device of 
temporarily substituting, for a long formula that has to be 
treated as a whole, a single letter, a ; which relieves the mind 
of wbat would be a cumbrous impediment. 

De Morgan, with reference to the Differential Calculus, to avoid 
the tediout repetition of ‘ a quantity which diminishes without 
limit when A x diminishes without limit,’ coined the word mn- 
minueni. 

An important enquiry is started by ‘Mr. Mill (Booh IV., 
Chap. VI,),, namely, on what occasions we may safely use 
language as mere symbols, like the» symbols of Algebra. 
Now, the answer to this question is obtained from the nditure 
of such symbols ; they are signs of operation, adjusted by 
careful verification, so that no error can creep in if the rules 
are adhered to ; while the operations are all tho more easily 
and rapidly performed that the things themselves are entirely 
kept out of view. On the other hand, in dealing with general 
names, class names, and terminology, we have to keep up a 
constUnt reference to the concrete things, as the only way of 
preventing us from incorrfct assertions. After a proposition 
has‘once been catpfully verified, as * Knowledge is founded on 
Agreenient and Difierence,’ wp seem to be urder no farther 
necessity of referring to the concrete particulars ; which is 
true only until we begin to apply it. The Formal Logic 
•shows us exactly how far, in matters of general reasoning, we 
may use language as mere i^^mbolsf’; being to a ci^rtain extent 
analogous to Mathematics, although arriving far short of that 
science in the possibility of working aloof from all concrete 
meanings (See Appendix B.) 

K^^In devising new general names, recourse may be 
iiad qjther to our language, or to foreign languages. Each 
alternative has its advantages and disadvantages. 

The advantage of deriving from ou^ o.wn language is being 
easily undSrstood the disadvantage is the presence of mis- 
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leading associations. ‘ Damp * would not be a good word to 
apply to the gaseous form of watery ‘ vapour ' is/preferable as 
being devoid of inaj^ropriate conne^^ans. ^^hep •Reichen- 
bach conceived that he hild discovered an entirely new fi)rce. 
in nature, he cc^ed A word not belonging to any language 

* odyl.^ The generalization of Graham, comprehending sub- 
stances of a gluey,* or •viscid na^pre, with flint, and minerals 
of the glassy fype (showing • the conchoidol fracture) is ex- 
pressed by the term ‘ colloid * (koWt^ glue) ; the English ter^ 
being too exclusively confined to the viscid character. 

* Inertia * is a useful word, althqjigh it demands to be guarded 
against the too exclusive suggestion of passive .re^stance. 

^ 11. The mere improvements of glassification may re- 
quire new terms. . • 

This is the case with Graham’s Colloids and Crystalloids, 
which arranged previously known substances into a new 
dichotomy, or contrast, founded on an extensive and important 
community of attributes. The improved classifications of 
minerals, plants, and animajs, require^new terms,*monoc6tyte- 
don,«perianth, inflorescence, mammalia, infusoria, &c. Owhig 
to the imperfection of the contrast ‘mind and matter,’ 
psychologists have introduced the terms ‘ subject ’ and ‘ object’ 
as exhibiting the antithesis in greater purity. 

12. By adapting old names, we may be cften saved from 
a new coinage. 

The creation of new terms is sometimes wanton afid need; 
less. When there is no new meaning, no fresh product of 
generalization, the adding of new •terms is not justified upon 
slight pretexts. Apart from increasing die already I'arge 
burden of language, there is the more serious evil offloading 
people to suppose that there is a irew meaning. Son\e of 
Kant’s innovations in language are obnoxious to this criticism.^ 
His ‘ anal}? tic ’ and ‘ synthetic ’ jjidgments ‘ a priori ’ an(J ‘ a 
posteriori ’ have some advantages as synonyms, buf the mean- 
ings had been already expressed. • 

A little management ma^ often get over the insufficiency of 
the existing names. The evil tc^ be complained* of is, ^h at a 
popular name does not exactly square with a scientific mean- 
ing ; thus the words, force, resistance, motion, affinity, ^ssooi- 
atipn, are adopted it to science ; while the popular significations, 
so far from suggesting, are f\ft various points in conflict with 
the scientific meanings. Even in such circumstanohs, tte 
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adherence to the popular words may be a less evil than new 
coinages. Tk|) precaution's accompanying the use of old 
names are'tbese • < 

♦ (U The wor4‘S may, at the outsell, be defined according to 
their sense in the particular sciencdi Thus, the mathematician 
(iefiries a point", a line, a square, a cone,*a spiral ; the#phYsicist 
defines inertia, force, velocitjr, attraction, ' hquid, lever, aiiv 
heat, ’&C. » " 

P'he chemist defines element, compound, affinity, solutibn, 
'decompofsition. The" botanist gives the name ‘ fruit ^ to all 
seed-vessels. The biologist dejines life, respiration, digestion. 
The psychologist defines sensation, idea, memory, association, 
reason, emotion, sentiment, passion, conscience ; all which 
termsrare liable to the lt)ose and uncertain meanings of com- 
mon speech. The political philbsopher defines government, 
nation, lav'^, order, progress. These various* terms being 
consistently used, in accordance with the several definitions, 
they are known to possess the significations indicated, and no 
others, within the sphere of their respective sciences. 

This plan Was followed in framing the l^inguage of Geometry. 
'Names were usurped from common ' speech, and used in 
^ peculiar senses defined at the beginning of Geometrical trea- 
tises. ‘ Thus a * sphere * ((T0at/ja), was originally a playing 
ball, a ‘ trapezium * (TpaTrefcoi/}, a table ; but, the scientific 
sense being denned at the Cutset, and rigidly adhered to 
throughout the demonstrations, there was no danger of con- 
fusion between the popular meaning of the words and the 
m^th^i^i^ical. 

(2) We may employ, in science, the precaution required in 
composition, with^referencd to names having plural meanings, 
whicli are abundant in all languages ; namely, so to place and 
fence each word as to keep bAck all the meanings not in- 
tended. The word ‘ moi^F has various distinct significations ; 
^et the use of it in any one place may be such as to admit 
only one. When we speak gf ‘ mbi;al suasion,’ wet.exclude the 
meaning of right and wrong, and indicate only ‘ mental ’ as 
opposed to physical. ‘ The morality of ^he act was question* 
able,’ shows that moral rightness is intended. 

(3) ^ The dl3vice of stating the contrary of a term has been 

seen to'be highly effectual in saving ambiguity. ‘ Reason and 
not passion prevailed’ indicates that'* reason is intended in 
the peculiar sense of ‘ motives» resulting froln rational calcula- 
tion of the future.* ^ ^ ^ 

. 13. ‘III. in addition to a Terminology, and names for 
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all important Generalities, there are names adapted for the.* 
purposes of Classificaliion. 

-• 

This is Mr. Mill’s thirA class under the Second Requisite of 
a Philosopliical^Language? It refers more especially to the 
devic;p of double naming (the invention of Lirinssus) employed 
with the lowest^kmdf, or Species in Botany and in Zoology — 
^ Ranunculus Strvehsis/ ‘ Hirudo medicinalis.’ In all the higher 
gifades — tl:«i Classes* Orders, and Genera — single names ,are 
used ; but since the number of the objects increases as we 
descend, while in Botany and ^n Zoology, the lowest kinds or 
species amount to many thousands, an abbrevialiing device is ' 
employed, namely^ to retain the name of thp genus, and desig- 
nate the species by a qualifying adjective — ‘ Orchis marjnlata.’ 
The saving of language is* not the only advantage of the « 
double-name ; there is the additional effect of imparting the 
knowledge of the genus ^hat the species belongs to, and also 
the mark or character dividing it from the other species of 
the same genus. Thus, a name so made up give* the place of 
the species in the classif^pation, so fiar as effected by starring 
theigemis. The operation could have been carried farther, s(f 
as to include the Ftfmily or the Natural Order ; thus the 'com * 
mon daisy would be ‘ Compositse bellis perennis.’ Bht this 
would be held too burdensome. 

Under the same head is ihcluded the Rouble naming in 
Chemistry — sulphate of potash, or potassic sulphate. These 
designations, however, although serving to impart information 
respecting the substances named, are formed upon pijincl^ile 
quite different from that above explained with reference to the 
Natural Histct’y' sciences. They Wong to the special peculi- 
arity of the science of Chemistry — the distinction of substances 
into Simple *and Compound, •and of Compounds intcw different 
modes and degrees of union ; and -m the case of compounds, 
they indicate the supposed elements and manner of composi- 
tion ; * protoxide of iron,* ktate^ that the substance nam^d is 
compounded of oxygjen (in a certain measure) and fron. There * 
is scarcely more*th«^n an analogy between this class of highly 
significant names and the^double names of Botanical species. 

Do*uble naming has not beeii admitted into Min^logy, 
Professor Nicol remarks that the, science is not yet •ripe for 
the change. *In poinl of fact, however, Mineralogy js in its 
Mture more neatly allied to .Chemistry than to Botany or 
Zoology ; and the ^ double .naming if used would not be for 
species, Ijut for varieties ; thus ‘ magnetic iron ’#woald not be . 
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a proper specific designation ; tiie substance named Las ft 
chemical expri^sion, which will always be preferred. 

Expre88we,n^.'^s nveif 00 employed, apart from any system 
or rule, in all sul^'ects. Thus, in* the Natural Orders of 
Botany,' we have such names as * CompcsiteBj. ‘ UmbelliferaB,’ 
which incidentally inform us of some of the charactets qf the 
families named. So, the nam^ of the' orders <;:)f Birds are all 
expressive of some leading feature. 

^Vhewell proposed to reserve the title '‘Nomenclature * fbr 
the designations that we have now been considering. Linear, 
lanceolate, oval, or oblong, serrated, dentate, or crenate leaves, 

! are expressioiis forming part of the terminology of botany, 
while the names ‘ \;iola odorata,^ and ‘ ulex Europasus * belong 
to its nomenclature. ** 


ClIArXER JII, . 

CLASSIFICATION. 

1. The Methods of Classification grow out of its ends. 

I. The sequence of the Descriptive characters should 
follow the order of the properties as expounded m the 
departi\ient. 

Considering that a natural kind or species — mineral, plant, 
or animal — may have ten, twenty, or fifty characters, great im- 
portance attaches to the method of stating ^/hem. When we 
seek for principle to govern this arrangement, we find it in 
the order of the properties in the general exposition of the 
science or sciences where they are discussed. Mathematical 
p^op§rties would naturally precedte physical, physical would 
precede chemical, and so on. In an organized being, the 
tissues precede the organs ; and some organs precede others 
upon the reasons assigned as governing the scientific arrange- 
ment or classification of knowledge. 

Every^ classifying science has two divisions— one General, 
the other Special. The firk or General division explains the 
characters to be used in describing the species, and^^expounds 
them more or less minutely. Thq secoif d^or Special division 
comprises th^ detail of the objects, and assigns tOt each its 
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snare or participation in these characters ; that is, descr 'hes ' 
the objects. . • * 

Thus, in a work on Mineralogy, th^ Srener^^ Diyiiion com- 
pi ises Crystallography^ or the Forms of Minerals ; the Physical. 
Properties^ as Cleavage?, Fra(?ture, Hardness, Tenacity, Specific 
Gravity’', Optical Properties, Heat, Electricity,* Magnetism; 
Chemical Properties, aa Chemical composition and re-actons. 
IWiis division is*an abstract o5 Molecular Physics and Chemis- 
try? The Special Division, named Description of Species, ^is 
the detailed account of all known minerals, according •to these ' 
jft’operties. For example, QaarJ:z is described as possessing a 
certain Crystalline form, a peculiar Cleavage, Frahtnre, &c. 

So in Botany. •The First Division con^prises Structural 
► and Morphological Botany, or the parts of the plant generally 
— Tissues and Organs — stated on the methodical plan of pro- 
ceeding from the general to the special, the less dependent to 
thQ more dependent. The Nutritive Organs have precedence 
of the Reproductive ; .their sub-divisions are taken in the order 
— Root, Stem, Leaves. The Division is completed by the 
functions or Physiology ofjbhe different tissues aitd organs. * 

T4ie Second Division is the Classification and Description of 
Plants. The comple1:e account of each species then propferly i 
accords with the order of the exposition of the constftuent 
tissues, organs, and functions, in the First Division. 

In Zoology, the method is s^ll the samej p/lthough not so 
thoroughly carried out as in Botany, on account of the greater 
complications. 

Care should be taken to distinguish ultimate from dhiiyatiVe 
characters. The Description is fully exhausted by a complete 
enumeration oi^ "vVhat are supijoseU to be ultimate characters. 
The derivations or^deductions from these, ii given, shouM be 
given as such. A character ii to be provisionally received as 
ultimate, if it cannot be reduced 'tinder any more general 
<5haracter. 

For example, the support of ^combustion is a deriv^ive 
character of oxygen, ^nd does not rank with the properties at 
present held to *be%ultimate, namely, the specific gravtty, 
the sgecific heat, electro-pegative position, the combining 
power generally.’ 

2. II. Observing the golden rule, we must place to- 
gether, in .the things that possess in common the 

grSatest ifumber of ir^portant attributes. 

At the Qutset of the present department of Lc\gic — Defini- 
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T I ON, it was necessary to state with regard to the formation of 
classes of thmgs, that prerefrence is to^be giyen to such groups 
as contain in chf^jjnon^uiie greatest numb/sr of important attri- 
butes. This applies to all the modts of dealing with the Con- 
cept or Notion. The mind sees* objedfts to, most advantage 
when it yiews together those that have the greatestmupaber of 
aifinities. ^ ‘ 

It Is on this principle that the^ vertebrate an'imals have been 
cbissed according to the leading points of their Anatomy *and 
‘ Physiology, such as the manner of bringing forth their young, 
rather than according to the^element that they live in (earth, 
water, air). ‘The bat flies in the air, but has more real affinities 
with quadrupeds, than with birds; the whale, seal, and por- 
poisQt have warm bloV)d and suckle their young like land ^ 
quadrupeds, although living in the sea as fishes. 

The infportance of the attributes is to a* certain extent 
governed by the end in view. For practical purposes, whjiles 
are classed with fishes (as in speaking .of the whale fishery)^ 
because their living in the sea determines the manner oi* their 
bfeing caugho. So, food plants, espulent roots, fruit trees, are 

* groups practically important, but do* not coincide witJ- the 

• classifications of botany. * 

With a view to theoretical science, whose purpose is to 
assemble in the smallest bulk, and in the most intelligible and 
suggestive arrangement, the ‘greatest amount of knowledge, 
the golden rule must be strictly carried out. Even for practi- 
cal ends taken collectively, this is the most useful plan, from 
tfie v/fry reason that it does not defer to any one end in parti- 
cular. The classifications for practice do not supersede the 
classifications foreknowledge, ^ut are addition^ to these ; they 
occur in the practical or applied departments of information, 
as Medicine, Commerce, Law, &c. 

Hot only in forming giV)ups, but in their juxtaposition in the 
^consecutive arrangement, regard is paid to the amount of affinity. 
The Natural Orders of Pls^nts aA4 of Animals aie so placed, 
that any tVo lying side by side are more neaily allied than 
aiiy other two that could be fixed upoi?"; and alterations are 
constantly suggested to give proxjmity to the closest alliances. 
Thus, Mr. Huxley argues in« favour of an arrangement uniting 
the Prhhoscidia with the Podentia, rather than. with the Artio» 
daciylq. and Pei'issodactyla ; the singular ties that ally the 
Elephants with the Rodents having been a mattcr^of comi;non 
remark since the days of Cuvierr f , • 

. 3. tn ailning at a Natural Classification, that is, one , 
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based on the maximum of important agreements, we may 
meet with alliaiirces on different jsides. of fiearlv eoual 
value. 

liifferent groijgs may touch each other at ’different ‘points, 
and may iiave equally Strong alliances. Thus, In Botany, the 
natur^ order S^cCnac^^ii viewed with reference to the 
^he female side), allies itself* with Scrophularlaceae ; if viewed 
wi<h reforeace to thfe stamens and corolla (the male side]L> it 
allies directly with Orobanchacece, • • * 

• Various considerations may J)e brought forward to deter- 
mine the choice under such circumstances. .Onb mode is to 
cast groups into a# circular classification, v^herein the succes- 
sion may return to itself. Another mode is an arrangement 
in two directions, as in a square ; an idea carried still farther, 
although in pilictice scarcely workable, by a cubical arrange- 
ment. * 

It may, moreover, b© considered which method would bring 
abou^ the maximum of alliance on the whole, on with refer- 
ence to the entire classification froiji first to last. ‘ In the 
seangji after this maxfmum, we may have to be content wito 
occasional juxta-posfkions of inferior degrees of resemblanfte. < 

Yet farther, we may make provision for double placJhgs of 
the same group, with a view to comparing it on all sides with 
its congeners. 

4. Ill Zoology, the most natural classification, on the 
whole, corresponds very nearly with a serial orde% g,ccord- 
ing to the degree of development of Animal Life, anti thus 
facilitates the. discovery of law« by the Method of Con- 
comitant Variatijfns. 

« _ 

The great divisions of Invertebrate and vertebrate, and tne 
8 uJd- divisions of each, represent a ^ladual rise in the scale of 
being. The Radiata, as a whole, are lower than the Articiy 
lata ; the Pishes are the lewest, spd the Mammalia the highest 
class of the vertebraje type. There are deviations from this 
gradual rise in • organization. The fish named amphioxns 
lanceo\atus is surpassed iiy complexity of structure by many 
inseots and molluscs, • * % 

For plants, ^he methpd is much more qualified. Tfiere is a 
wide interval between the lowest Fungi or Sea-weeds, And the 
Dipotyled/fUous Natural Orders*, but there is no line of steady 
progression. ‘The Mcfeocotyjledons are not throughout of an 
inferior grade to the Dicotyledons, nor. is ther<f a gradation 
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among the Natural Orders of either division. The application 
of the method of concomitant variations is still possible, al- 
though greatly ^imited^ ^ It can be seen ^that the absence of 
the inflorescence in the inferior plants is conjoined with the 
oellular' structure, which is the lowest organization of ..the 
tissue of the plant. * « ^ 

Tke serial order would apply to alf kinds ^f objects where 
there ds a progress or development, and wberb the property- 
dew'eloped has a commanding importance. Thus, Social du- 
'stitutione, as Governments, may be classed according as they 
approach to the most perfect type. ” 

The Races^'of .Men, viewed with reference to mental endow- 
merit, lie in anasc^^nding scale, with such occasional exceptions 
as th(? possessing of some one faculty in a higher grade by a 
race inferior on the whole. We' can thus study the concomi- 
tant circumstances of superiority and inferiority in mental 
development. 

Civilization in its larger leaps is linear, but in the minuter 
differences, onot so. Communities advance in special (iirec- 
ticms,‘ the progress in one line bejng often accompanied by 
^badkwardness in others, from the limitation of the hn^jian 
. energies as a whole. It is true of 'modern as of ancient civi- 
lized ]f)eoples, that each has its own peculiar excellencies and 
defects, 

Excudent, alii spirantia'mollius sera 
Credo equidem, vivos ducent de marmore vulturs ; 
Orabunt causas melius, coelique meatus 
^•Describent radio, et surgentia sidera dicent : 

Tu regere imperio populos, Romane, memento ; 

Hae tibi erunt artes^ pacisque imponerb morem, 
Parcere subjectis, et deblellare superfxos. ^ 

5. III. It is an end pf classification to save repetition 
in tbe description of objects ; for which end the generalii:a- 
f ion is made by successive step3, halting-place§., or ^rarfes. 
Instead bf describing the species ‘ elephant * by all its 
characters, beginning with extension ‘^od- materiality, tbe 
naturalist mentions as specific marks only a small number, and 
refers jbo tbe rest by a series ^^f names expressing what is com- 
mon to <t with other groups. 

’Whenever two or more individuals agree, the agreement 
may be stated once for all, and.only the difference given un^er 
each. In characterizing the race^ of n^3n, we state first what 
is common to the whole, and next what is speci«.l to each 
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taken apart. We might apply the method to any two classes 
that contain agreement^ peculiar to themselves. ' There is no 
natural limit to the*process but the ’feMstenpj of agreements. 
The number- of grades be carried to any, length, so dong 
as there is a basii^ of bornraTunity. The more complicated the 
object^, that is, the more extensive the compass of their attri- 
butes, the farthdt* may tne gradation be carried. The ins^gni- 
ftcance of the points in comTnon might be a reason for not 
treating tbeStn as resting-points of the gradation. 

In Botany there are four principal sta’ges, marking Classes, 
Families, or Natural Orders, Genera, and Species. These are 
maintained throughout ; while, as occ^ision arises,*intermediate 
grades are constitiAed. (See Part First, p.^dS). 

In Zoology there is first the grand division of Inverthbrata 
and Vertebrata. The Invertebrata were divided by Cuvier into 
Radiata, Articulata, Molli^^ca, whose farther subdivisions are 
termed Glasses (Infusoria, &c). The Classes contain Families 
or Ny^tural Orders, under which are Genera, and under these 
Species, There are thus six regular halting places between 
the individuals and the summum genus — Animal. The vei’te- 
bra% Animals descejid at qne leap to Glasses (Pishes, Reptiles,* 
Birds, Mammalia). The class Fishes undergoes a division 
into Gariilaginous and Osseous ; under which are the Natural 
Orders. The Reptiles, Birds,. and Mammalia are occasionally 
broken up at once into Natural Orders. * „ 

The Carrying out of the classificatory arrangement demands 
that by the methods of Definition, the agreements at each 
stage should be thoroughly, ascertained, and fully and^pl'^oisely 
stated. The classification by grades is a useless formality if 
the corresponding^ characters ^are'’ not given. The chemical 
division of si^pple bodies into Metals, and- Non-metals is (or 
should be) accompanied wfih the characteristic marks or 
c(^mmon properties of each class. The farther sub- division of 
the metals into Noble Metals, &c., is seldom followed up by g. 
rigorous eifumeration of a*ll' the points of community ; and the 
only advantage gaingd is the mere proximity of the resembling 
bodies. The salne'’ incomplete adoption of the formality ©f 
gradeg is found in the classification of Diseases ; epilepsy, 
chorea, tremor, hysteria — are classed together; but without 
the enumeratipn of common characters, * 

6 Tberstdtement, by succegsive gradations, of thtf points 
of comnJunity, is suited to the discovery of Laws of Oon- 
comitanqe. 
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In ascertaining whether a property a is uniformly conjoined 
with a property t\ the^e is an advantage in being able to 
separate the casfcs wh^’e a is absent fromf those where it is pre- 
sents his is dime in the system of grades. Thus, by isolating 
the order Ruminantia, we readily disco vei^’ the concurrence 
of rumination with cloven hoofs. * , * » 

I^*there were any laws of concomitafice anipng the proper- 
ties of the metallic or the non-rhetallic , bodies of Chemistry, 
they would best appear in the study of the groups i'ormed upon 
*' special "properties. TChus, when the metallic substances are 
viewed toge|;her, they readily* disclose any conjunctions with 
metallic peculiarities. .So in the non-metallic division, the 
halogens — OhloriKe, Iodine, Bromine, Fluorine, present a nar- 
rowed field of conjoined properjiies. 

7. The blassifications of Natur^al objects are understood 
to terminate with the Species, or lowest Kind ; and thus a 
high importance attaches to the defining marks and 
bo^undarie^ of Species. 

In Botany and in Zoology, the vjew h^d long prevailed that 
• a species was marked off’ by community of descent, while any 
diff’erfences that might arise between the descendants of a 
common ancestor were regarded as varieties and not as specific 
differences. , • 

The doctrine of the absolute fixity of species is noV called 
in question, ai. J proofs are offered to show that, in the course 
of de^Ceht, differences called spepific may arise among the 
descendants of a common stock. This leads to a modified 
statement of the doctrine *of species. Thf‘fAct still remains 
that ‘some characters have a high degree of constancy or per- 
sistence * through successive gfenerations ; while others are 
liablp to change. , 

^ Wherever a line can be drawn between highly persistent 
and#highly fluctuating charfi^cters,*’w8 may call the •first specific 
characters knd the others mere varieties Thus, in numerous 
spdbies, both of plants and animals, colouiif is liable to consider- 
able variation within limits. So,the absolute size of, living 
objectjf may filter greatly. Also the degree of any quality or 
endowi&ent, as the strength, or sagapity of a,n animal, may 
change^ But the tissues, organs, and structural arrangements 
persist through many suecessive generations. « 

Importance may, nevertheless^ be sttU attached to the fact 
of the fertility or infertility of the unions of individuals. The 
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horse and ?he ass are fertile for one generation, but the progeny' • 
is incapable of farrier procreation.* J 

In Minerals, the j^oufidaries of speclbs are fixed *80 far as 
regards crystallization and chemical composi^on, anc^ alV the 
consequences of ^hese properties. As regards compounds, not 
chemical, ^which may t&e place in all proportions, there can 
be iio^xed lines^ ^IthQu^h afew^grades may be assigned «^vith 
doubtful margins. . ^ ^ ® . 

in Diseas, 9s, the presence of certain fixed characters, suclwas 
the leading symptoms of Inflammation, of Small-pox, nf Gout,* 
offers distinctions that may be qp,lled specific. ^ • 

8. In fixing the boundaries of Species, respect may. be 
had to the nmnhSr as well as to tjie persistence of the 
characters. • • 

The Infima ^^ecies or ^west kind, in any of t^ie Natural 
Kingdoms, is in certain instances divided from all other species 
by a large number of, properties, known and unknown. The 
characters of the species ‘ horse ’ are very numerofts of man 
still more so. There canp.ot be the came extent of specffic 
distMiptions in the inferior animals ; nor in more than a syiall* 
number of plants, ^till, Ihe existence of as many as ^hree, * 
four, or six distinguishing marks, all of some importance and 
constancy, would suffice for piaking a species : while the 
limitation to one or two might leave a doubtfiff choice between 
Species and Variety. 

Mr. Mill puts^ the question, are all the classes, in Natural 
Classification, Kinds P He answers, certainly not, ‘ Very ^ew of 
the genera of plants, or even of the families, can be pronounced 
with certainty t(i be Kinds.’ In poiift of fact, the difficulty would 
he to fix on any clas 9 of the higher grades, whose properties are so 
numerous as to rank them with differences of Kind (understood in 
Mr. Mill’s perhaps over- strained lang^qage respecting the' Infinia 

•i^2^€Cl€3jt • 

Inother question raised by Mill is the propriety of Whewell’s* 
^l^ation that ‘Natural gaoups aiie given by 2'ype ^ noif by 
Definition,’ By a Tyne, Whewell meant a well-selected average 
niember of a class^ removed alike from all extremes ; a concrete 
embodiment of the class, to be used for purposes of identification, 
in preference to any verbal definition. The motive was tl^exist- 
anonialoue members of many groups in Natural History, 
conform to the verbal definition nor yet difP^ suffi- 
^ntly from the other members to be excluded from the*group. 
Vy e may ijSagine a group formed upoln ten characters, but con- 
sisting of individuals jibnt vacillate, some upon one character and 
some upon pother, wlnle yet agreeing in by far the greater number. 
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We may even make the extreme supposition that the vacillation is 
such that nO'^single character of the ten persists in every indi- 
vidual ; hence, in strictness, there wouM be no common feature, 
and yet there would he a very largo amount of resemblance. 

In coiumenting* on Whewell’s mode of getting oyer the difficulty, 
Mr. Min re-iterates his view of distinctions of Jiind, which, when 
fully complied with, can leave no such uncertainty as L supposed. 
Moreover, he remarks that a '»3lass must possess characters, that 
these characters cannot be aibitiary, and ihusr admit of bcin^ 
stated, which is tantamount to Definition. * 

* Probably Whewoll’s difficulty might be met by the allowance of 
a doubtful margin, which has been seen to be essential in cases of 
continuity far less complicated i^han the demarcations of groups in 
Natural History . 

9. aTlie arrangement of descriptive characters by grades , 

gives the greatest amount of knowledge in the least com- 
pass. Yet, for practical object^ it may be desirable to 
bring . together, in consecutive detail, all the characteii^ of 
a given species. • , 

The genuG and species, ‘Man’ in the class mammalia, is 
> described by the Zoologist, like all the other animals, by griving 
„ a certain number of characters at each Ltage— those common 
to Vertebrate Animals, to Mammalia, to Bimana (of which 
man is the sole representative), and finally the marks peculiar 
to the species. But the human anatomist treats Man in the 
pure isolation, (iisregarding, except incidentally, bis place in 
the animated series. So, from the importance of the species 
i Horse,* there is afforded a similar exhaustive Anatomy. 

Complete Monographs of important species are not only 
useful for practical ends ; they are also the constituent 
mat'erials of ZooR'gy. 

10. .fV. The statement of ' characters proceeds, in the 
lash resort, upon a close comparison of Agreement® and 

‘Differences. , 

!&rom th® nature of knowledge, the highest degree of intelligi- 
J^iJity depends upon the most complete e’^hihition of agreement 
and of difference. ‘ 

The classification by grad^es prcfvides for stating Agreement. 
A grade, whether Class, 0"rder, or Genus, is defined by the 
points of agreement discovered among its ‘’members. The 
Botanical class ‘ Dicotyledon,* has a certain structure of Stem 
and of Seeds. The Animal j^enus ‘^Ovis,* as combaon 
characters, ^Horns of a peculiar kind \ Hoofs compressed ; 
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Mammo9 two ; unm beardless ; region between! the eyes and' 
nostrils convex. • ^ ^ 

When cfiaracterf are stated shortly, as by h &ere word 
or phrase, -the tabular fhethod is the most# effective.; "hs in 
minerals. In W'ger •descriptions, the headings, at least should 
staiuj orrt distinct. Tijus, the genus ‘ Poppy * is discriminated 
(from the other^gepeifti of the Poppy Family) on two p^flints ; 
<^one referring *to th^ capsulS, the other to the flowers. The 
generic agi^ements may be presented to the eye thus * 

‘ Ca^side, Globular, ovoid or slightly *oblong, crowhed by a 
Circular disk, &c.* • , * 

‘ Flowers. In Size, rather large ; in Colour, red, white, (in 
the British specid^) purplish, or (in some* exotic ones ) pale 
yellow.’* ^ * • 

The greate|t difficulty and nicety belongs to th^ statement 
of Differences. Only in dichotomies can this be accomplished 
ta perfection. When a genus has two species, we can put 
then^ against each other^ according to the plan observed in 
defining by antithesis or contrast (see p. 1 64). Thus, in the 
genus ‘ Corydalis ’ (of the Fumitory* Family), fhere are Jwo 
sp^ies (Yellow and Glin\Jbing). Their differences admit of^ 
pointed contrast as follows : — 

Yellow Climbing. 

Stani* • 

Short, erect, branched Long, <{limbing, slender. 

Flowers. 

Yellow Whitish. 

If on any one part, there are plural contrasts, the presenta- 
tion might be varied thus • 

o. J Sljbrt, erect, branched ^ — fiTellow 
^ em. climbing, slender — OUmhing, • 

When there are several species/* the presentation oapnot 
always be effectively given in this manner ; some may contaii^ 
agreementEb among them^lVes, well as differences, which 
would perplex the contrast. We may, however, Occasionally 
mark off any onetfrofi all the rest, thus : — * • 

* Modified from . the following description in Bbn|ham’s British 

Florsf: — ♦ 0 . 

* Capsule globular, ovoid or slightly oblcyig, crowned by a circular disk, 
upon which the sligmas radiate from the centre, internally divide^ nearly 
to the centre«into as many incomplete cells ^s there are stigmas, and open- 
ing in as many pores, immediate^ under the disk. Flowers rather large, 
red, white, or pUrplish •iff the British species, or pale yellow some 
exotic ones.*, 

13 
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Opium Poppy. ‘ Other SpBCiBij. 

Tlant. 

'■ Glabrous " " "Stiff hairs 

^ Colour. ♦ 

GlaucouB ' G/een 

Leaves. •* ' 

(Toothed or slightly lobed*. '^Once' a.* twice 

c pinnately divided. \ 

We may always select for pointed coricrast the;. two classes 
that are most like, and therefore most liable to be confounded. 
Thi sift done incidentally (although not with systematic thorough* 
ness) in all* the classificatory subjects — Minerals, Plants, 
Animals, Diseaseff. Thus the Silk-cottov order of Plants 
( Ster^uliacece ) resembles Malvaceae in their general characters, 
particularly their columnar staihens, but differ in their two- 
celled extrorse anthers. ' xu their properties, Capparids 
resemble Crucifers ’ (difference not stated). The genus 
Ranunculus is distinguished from Anemope by the want of the 
involucre. »In the Field Poppy, capsule globular ; in the Long- 
h^addd Poppy, capsule qblong. ^ 

i,l. V. It being requisite to a Natural Classification that 
bodies be arranged under deep and inaccessible affinities, 
a separate scheme, of an artificial nature, must be provided 
as an Index. , o* 

A classification may accord with the primary rule, and may 
be defective in the means of discovering the place of a given 
cBjec^.* The determination of a plant is puzzling to the beginner 
in Botany. Now, it was a merit of the LinnsBan system 
to make this comparative*Iy easy ; and the lodvantage was 
sacrificed in the adoption of a Natural syst^im. 

The ideally best classification is one where* the properties 
common to the members^ of the several groups are both im- 
^portant and obvious. Such a combination is at best but 
parf'ially realized. Thus, iq animajs, the important affinities 
are so far internal, being disclosed only on dissection, as those 
referring to the minute points of the ^eleton, the nervous 
system, the structure of the viscera, &c. ; and so far external, 
as tliip form, the external, divisions, the integument, and 
(partly^ the reproductive organs. It is fortunate for Zoology 
that tqese external peculiarities either bonstitnt& of themselves, 
or are marks of, the important affinities. • Still, they are not 
the whole, and even if they were, a scl^eme must be mrmed to 
guide *the student in following them ouf to the determination 
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ot the name and place of the individual. Sue)/ aid has not 
yet been afibrded'in Zoiology. Yet,«w:ithout it t^e most con- 
summate natural ai^ang^ment must be a sealed book t^ all 
but proficieilts in the ^etail^d knowledge of adimal spdeies. 

Chemistry (v^th Mineralogy) is in a still worse case. The 
governing principle in arranging chemical compounds Ijping 
their chemical , composition, ^wmeh is indiscoverable by the 
£a]^ed eye, the determination of a specimen is impractica1;^e 
without an artificial Index. Owing to the great importance 
of discriminating substances chemically, in the arts, a method 
is provided, known as Chemical* Testing or anal^^is, whereby 
the student, with a limited knowled^ of the entire field* of 
Chemistry, can yet determine a large number of bodies. 

* In Botany, the Index Scheme, or Analytic Key, is highly 
elaborated. 1% consists of tables based upon a su(fcession of 
properties, there being under each a bracket containing two 
(rarely three or more) alternatives. (See Book V., Botany). 

In a case of equal Importance to Chemistry, thq Diagnosis 
of Disease, an Index classification is still a desidecatum. • The 
medical student has no aids to the discrimination of disease 
shoft^f an aquaintimce with diseases generally, after a full 
study of Pathology. The mode of preparing an Index sdieme 
could be readily gathered from the plans pursued in Botany 
and in Chemistry. * 

• LOGICAL DnaSION. 

12. The rules laid down for Division, as a Logidai^PrO-* 
cess, are rules of Classification, of which Division, in the 
, Logical sense, is merely one aspebt. 

There are mj^ny^ays of dividing a whole *or aggregate into 
component parts. A concrete or individual object, as York 
Minster, may be divided into choir, nave, and transepts ; into 
mam building and spire ; into walls and roof ; into the part 
for public worship and the private apartments. TJhis is obn- 
Crete partition, or disipemberment. In much the same wsiy, 
an ox is divided for*consumption. Again, a concrete object 
is mentfidly divided, or analjized, into its abstract elements ; we 
may separately attend to the form; the size, the brillianc]^, the 
weight, of the diamond. ^This is Abstraction. When a plurality 
of forces concur to a certain result, they often require* to be 
studied in |6paratioh ; thus, in nfechahics, we have to compute 
moving power and fridtion apart ; in astronomy, the disturb- 
^ing forces are computed separately, and. then edmpounued. 
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This is Analji^is and also Deduction, or Deductive Corabination 
(See Induction, Deductive Method), a^d is one of the most 
familiar oi sdientific operations. 

Logical Divisi'on is different from any of thece modes of 
separating wholes or combinations into^partsi The received 
rules enable us to judge of its precise , meaning and’ compass. 
They , are the following : — ^ 

(1) ‘Each of the parts must contain less than the thing 
^di^ided.’ 

(2) ‘ All the parts together must be exactly equal to the 

thing divided.* <* 

(8) ‘TJie parts* must be opposed,’ that is, ‘mutually exclusive.’ 

Hamilton adds (4) ‘ The principle of Division should be an 
actuahand essential character of the divided notion ; and the 
division, t^ierefore, neither complex nor without purpose.’ 

These rules point to an actual, exhaustive, single-pur- 
posed, and important division. The first rule points to an 
actual division, for unless the parts be less than the whole, 
the whole iS not divided. The second rule supposes that the 
^ paVts are to Be exhausted, so that we may declare everything 
contained in the whole to be found in one or more (?f-the 
parts^ There may be divisions where this is not insisted on. 
The third rule requires that the division shall be upon ono 
purpose or plan, so that the parts may be mutually exclusive : 
we divide an army into infantry, cavalry, and artillery ; or 
into officers, non-commissioned officers, and rank and file ; 
but not infantry and commissioned officers. The fourth 
fule indicates that divisions shoulcj not be on trivial or insig- 
nificant characters, as if we were to divide an array or a popu- 
lation into persons with nam<js of one syllable, and persons 
with names of mo^e than one syllable. 

The.feal importance of these rules is with reference ta 
Classification ; for othei^' purposes they are idle, and even 
wroneous. When a comprehensive class, as Vertebrata, lias* 
to ^e sub^^classed, wo rausit comply with the conditions of 
classification generally, or such as we pbserve in the march 
hpward, from the lower to the higher grr.d6i^; The Vertebrata. 
are divided or sub-classed into J’ishes, Beptiles, Birds, and 
Mamiqals; it being obvious that each sub-class is less than 
the whole, that all the four sub-classes amount to the whole ; 
and that each sub-class excludes all the rest. If there were a 
failure on any of these points, the classification wohld be b^bdi 
the fipld of the sub-divisions is supposed to be exactly the 
field of the Entire grpup ; nothing is to be left out, and nothing 
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counted twice. So in every case of genus ancjf species. If* 
we mean to give all the specie^, we should ^ive them all. 
Moreover, a divisioii into species, wht^e the same tndividvals 
appeared iii two speciee, would confound ^he verj idea of 
specific distinotjpns. * If the bat were placed among birds, and 
also g,mo#ig mammals; Ihere would be two conflicting principles 
of classification? * • * • 

9 Division, in* the logical sense, is thus merely a way of look- 
itfg at clas.fification by grades. Hamilton’s additional rule — 
that the principle of Division should be Essential and important 
• — is the golden rule alike of defining and of classifying.* 

A division, or sub-classification, is. complete when we may 
disjunctively affiria a member of the class as in one or other of 
the parts. ‘ Actions are either good, •bad, or indifferent,’ sup- 
poses that Actions may be exhaustively and correctly divided ^ 
or sub-classea into good, jjad, and indifferent ; it ffbing under- 
stood farther that the same action is not both good and bad, 
good and indifferent, or bad and indifferent. 

' A* classification may be conveniently tested by* the rules of 
division, especially the thp'd, the vioJtfition of which makes "the 
Fal?40y of Cross-division. Thus, the old classification* oi^ 
division of the Virtues, called the Cardinal Virtues — Justice,* 
Prudence, Courage, Temperance — is vicious ; and the ^cious- 
ness may be expressed as either a bad classification or as an 
illogical division ; for Prudence includes thfe^whole of Temper- 
ance, as well as all that part of Courage that conduces to 
self-interest. 

The Analysis of a Compound is necessarily exb^Sistivt; 
it is the purpose of analysis to ascertain everything that 
enters into tlfe ‘^iven combijatifln. A chemist examines a 
meteoric stone, Jivith a view to detegrmin^ all the chemical 
elements present. The phytfiological chemist desires to find 
out all the constituents of blood, n5f bile, of gastric jujpe, ot 
flesh, and so on. To such cases, the rules of Division migl^t 
apply, if anything ever tarfted uf>on them. • 

The ultimate analysis of the Mind, whether in* whole or in 
part, might be tested by logical division. Thus, Mind ds -a 
whole is divided into Feeling, Volition, and Intellect ; and to 
this»division the* logical tests should apply. Thef three depart- 
ments should exhaust the mind without going beyond* it; and 
they should be mutua*lly exclusive. So in the Intel^Bct, the 
ai^fdysis iifto Disoi*imination or Difference, Agreement or Simi- 
larity, and RetehtivQrfess, professes to be an ultimate analysis ; 
the three .ftir\ctions ought to contain all that is inljallectual and 
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nothing mori; while each should contain nothing in common 
with the other two. The old enumeration of the Intellectual 
powers — Memory, Conception, Abstraction; Reason, Judgment^ 
Imagination — is^nOt a logical divisicAi ; it could not be shown 
to be intellect^ all intellect, and nbthinj^ but,, , intellect ; while 
the members are not mutually exclusive ; memory Las some- 
thing in common with all the rest. < * 

13. Logical Division fails in classifications with undefined 
hofindaries. 

The rules of Logical Division are inapplicable to classifica- 
tions growing gut of combination, growth, or development. 
Such are the compounds of chemistry, the ^pUspring of living 
bodies, the developments of human knowledge, the associative 
growths of the mind. All these products ai*e naturally un- 
limited and inexhaustible. Oxides, carbonjttos, silicates, 
alkalies, ethers, are interminable ; their particulars cannot be 
enumerated ; no enumeration necessarily takes in the wholes 

In the Human Mind, the Senses, or primary elements of 
sensibility, comply with jihe rules of Division. The Emotions, 
‘most of which are growths or devfelopments, do not comply 
.with it. If any of the emotional states wwre strictly ultimate, 
they Would be mutually exclusive ; but there are very few 
such ; Wonder, Fear, and Love, are nearly ultimate, but may 
not be wholly so- The great* bulk of the Emotions being 
growths out of common elements, they cannot have ^ strict 
mutual exclusion ; yet they may have distinctive characters, 
apll m^ay‘'be properly viewed as emotional species. Love, Sell*, 
Power^ Irascibility, Pleasures of Knowledge, Beauty, Moral 
Feeling — are all well-marked groups of emotioi^s, but they are 
formfed out of coniraon elements, which are^ perceptible to our 
self- consciousness. As productst of growth or association, they 
have no fixed number ; new occasions would give rise to new 
varieties or species ; and there cannot be a mutual exclusicn. 
They are subject to the golden rule^of classificatioj^i, but they 
do not present a case for logical division. 

, There is a similar inapplicability to th^^clQssification of the 
Sciences ; these also succeed one another by growth or develop- 
ment. . Cheimstry involves l^hysicS', and Biology, Chemistry. 
The Natural History sciences — Mineralogy, Botany, Zoofogy, 
Geology — are full of unavoidable croSs-divisioIis and double 
entries. In such a scienqje as .Materia Medica, there are many 
double entries ; the same substance is^at once .stimulant abd 
narcotfo. _ Tjie Social Sciences — Politics^ Political Economy, 
Jurispmdence — canriot be made mutually exclusive.* 
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LOGIC OF THE SCIENCES. 

To exhibit the principles and rules of- Logic in a new 
aspect ; to indicate the fields where these are most needed, 
and where examples are provided with inexhaustiWe ful- , 
ness, — we sl^ll review in order the Theoretical Sciences, 
and some of the leading^Practical Sciences. 


chapter i. 

* 

LOGIC OP MATHEMATICS. 

* 1. In Mathematics, logically viewed, ^-j^here is afforded 
the most consummate exemplification of a Formal Deduc-. 
tive Science. 

? • • 

The processes of Deduction are seen to advantage in Mattfe- 
matics. The Definitions, Axioms, JDemonstrations, Symbolical 
language, and Various devices for multiplying the relations of 
quantity, the, subject-matter of the science, exhibit all the 
machinery for performing Deductive operations of *a. Formal 
nature. * » 

2. Mathematics treats of Quantity in the Abstract, sb 
far as susceptible of definite expression. * 

The first, the deepest, the most fundamental experience ©f 
the human mind is Relatiqp, or Relativity ; this is implicated 
in ijid very nature of consciousness. The doublenopF-, the 
essential two-sidedness of every copscious experience Is a fact 
that has no forerunner* Of the differences, contrasts ;,«or cor- 
relative couples, -starting immediately from this primary 
condition* the . first isadifference in Quantity or Degree — the 
distinction of more and lesi 
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Quantity atlheres both to subject and to object, btit it is not 
always definitf^ ; and none but definite expressions enter into 
Mathematjps. The mc\st definite forra?of quantity is Number, 
or discrete quant^^ty — one, two, th][’ee, &c. Continuous or 
unbroken quantify is made definite ,phiefl|y by its being broken 
artificially and* made numerical. In a few instances^ as in Ihe 
geometry of Incommensu rabies, definite relat;ions can be ex- 
pressed by lines in figures ; such js the relation of the side to, 
the diagonal of a square. A difficulty of a-metaphjjsical natuire 
has long , attended the. mathematical expression of continuous 
quantity in these incommensurable relations. 

Notions of Mathematics, 

8. enumeration .of the principal Notions occurring 
^ in Mathematics, prepares us foi* ascertaining the character 
of the projfesitions. ^ 

The chief notion is Equality^ with its opposite Inequality. 
This is the prevailing predicate in. Mathematics. Likeness 
(iiqplipating*^ unlikeness) applied to amount or degree gives 
^quality. There may bd likeness invjthor properties, as sound, 
colour, pleasure ; but, except in quantify, there cani^t be 
‘Equality. We can both discriminate and classify, apart from 
Mathematics, but when we declare things equal or unequal, 
we are announcing propositiong^* purely mathematical. 

In detecting e^iuality, the final appeal is to sense or con- 
‘sciousness. For Number, we identify a succession of beats, 
or .remitted impressions, as two, or three ; this is the surest 
jifdgmfcnt that the human mind can form. For Continuous 
Quantity, we discriminate grades of continu^^nce by the sense 
proper to the peculiar effect— the eye, the ear, the touch, &c. : 
the most delicate discrimination,^, and the one* that, if possible, 
all others are reduced to^ is visible extension ; next in rank 
is the continuance of sounrf. Buclid^s definition of Equality .is 
die visible coincidence of extended jnagnitudes. 

NUmber if. thus seen to beU fundamental notion of Mathe- 
matics, as the science of Quantity. Iniarrupted sensations, 
or transitions, of consciousness, are vividljT discriminated ; and 
by memory ye can easily retain a< small succession of «these, 
and idfeptify it with anothei^ small succession. Thus, three 
coins seen by the eye, are ‘identified to a certainty, with the 
three tiiigers, in respect of the number of interqiptions or 
transitions ; they are felt to be*^different Jfrom two or from fotir 
visible transitions. This is numerical equality or inequality. 
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For the higher numbers, artihcial aids are requisite to ensure 
certainty of comparison^ but with' sijoh aids (uaflielyj orderly 
groupings) we can •compare number^ of any arntjunt; we 
can identify .one hundreciin two dijfferent ag^regates^pf -that 
number, and di^i^imiilate cfhe hundred from ninety-nine. 

Names are given to t’lje successive numbers, one, two, three, 
.four, five, &o. ; at*the*number t^n, a group is formed, and we 
start afresh. This is our dschnal system^ to which correspond 
thS designai&ons units, tens, hundreds, (&c. ^ 

Addition is the next fundamental notion ; also o'btained, ' 
ifi the last resort, from the senses. When wp bring' two 
detached groups or successions from, different places to the 
same place, or int^i one continuous group or succession, we 
are said to add ; the implicated contritry is to Subtract % The 
names whole and part refer to the same operation, gnd are ex- 
plained by the same expq;[*i 0 nce. Multiplication is merely a 
continued addition, and its obverse is Division. These notions 
are the names of the.four cardinal processes of the manipula- 
tton of numbers. Related to them are the meanings, of sum, 
difference, remainder, factvr, product, % dividend, 'devisor,' quo- 
tie i-itj-^^rime number. 

Fraction (versus Integer) grows out of division ; also the 
designations numerator and denominator, common measure. 
To fractions are applied the cariiinal operations — addition, &c. 

Decimal is a fractional mode, related to our decimal enu- 
meration. 

Square, cube, square root, cube root, &c., are special growths 
or extensions of multiplication and division respectively.' ^ 

Batio is the statement or implication of how many times one 
number is contdin”^ in anothei; ; ftie ratio gf three to twelve 
is four, or one ^o four. We do not alw,ays feduce the ratio to 
the lowest terms ; we may spbak of the ratio of three, to six, 
bu^ the comparison of the numbers irfhy multiplication or divi- 
sion. The expression of ratios takes the form of fractions. > 

Proportioi^ ia equality of»ratio8 three is to eight in the pro- 
portion of nine to twenty-four. 

Ratio, Proportibn,^nd Fraction, conduct us to the idea of 
Incommensurable. > 

Progression, ov series, is a succession of numbers acqdi'ding 
to a fixed law j, the Arithmetical progression being governed 
by addition, the Oeometrical, by multiplication. A progAssion 
coQtains Fijitremes and Means. 

Permutations' and Oo^hbinathns are modes of operating upon 
numbers that need not here be explained. 
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Logariihtii signifies a still more advanced notion ; being tbe 
name for an*entirely novjsl mode of ei^rossing tbe relations of 
numbers,* which, when unfolded in laVies, greatly reduces 
the 'labour of the higher operation\«, namely, multiplication, 
division, raising to powers and extra otion of J^Jots. 

The foregoing comprise the leading, notigns of nfathematics 
for fhe initial branch, called pure ARiTnMi;Ti6.^ For Concrete 
or commercial Arithmetic, there 4re invojyed farther the mopejf^ 
stStndards, the weights and measures, together wifii the adapta- 
tion of the cardinal processes of proportion and of fractions, to 
compute the^se several varieties of concrete quantity. 

Algebra carries forward all the arithmetical notions to a 
new order of expressions of quantity. The detaching of the 
operations from the actual nuqibers, by the use of symbols, 
gives new^ designations, Negative Quantity, In^dex, Ijxponent, 
Surd, Impossible Quantities. The general theorem for expand- 
hy powers or roots is the Binomial Theorem, Then follows 
the Equation — Simple, Quadratic, 4^c. ' , 

The Motions of Geometry are comprised in the Definitions 
of Euclid ^Point, line*,^ straight liwe, gurve line, angle, paral- 
^ lel's^, surface, solid, triangle, quadrangle, ^polygon, circlsir'diSibe, 
*• sphere, cylinder, cone, &c. 

In Trigonometry there are new designations — sine, co-sine, 
tangent, secant. ^ 

In Conic SECTibNS are comprised the figures so named with 
, the further designations — eccentricity, focus, directrix, latus 
rectum, jparameter, abscissa, normal, asymptote. 

• Aifc(LYTiCAL Geometry involves co-ordinates and loci *, and ds- 
fiignates a number of curves reserved for analytical handling — 
cissoid, conchoid,, witch, lemrvjscata, cate^jkr^, cycloid, invo- 
lutes, spirals, &c.* r- • , 

The. higher Calculus introduces us to the notions — Infinite- 
simal, Difierential, Integry, Limit, Dependent and Independj^nt, 
«,V ariable. 

Propositions of Mathematics, 

4. In the logical aspect, these profiosrtions are leading 
examples of the predicable, called proprium. The predi- 
cate fe deducible and demonstrable from the subject. 

Thq, Axioms are inductions of concomitant properties. In 
all other propositions (excepting those that are in ideality 
tions), the predicate is deduciblecfrom the subject through the 
axioms. Thus, in the simple Arithmetical proposition, six 
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times four is twenty four, the*predicate (24-) follovlrs from the 
subject (6 times 4),by the medium bf the two grebt axioms of 
equality. The predi(; 3 ,tes are not con tai fled in the subjects by 
necessary or immediate implication ; they are^mediatq 
ence^ drawn by y^e he)p of ttie highest generalities ; exempli- 
fying the true nature oi the jproprium, 

« Definition in Mathematics. 

S. Certairt of the 'Notions of Mathematics are funda- 
mental and indefinable ; the rest are defined by derivation 
or Analysis. 

It will be sutficiemt to advert to the specialities connected 
• with (1) Arithmetic, and (2) Geometry*. 

Definitions of Arithmetic , — We have seen that Number or 
discrete quantify, is a series of intermitted impressi(fns on the 
mind— patches of colour, sounds, &c. This is an ultimate fact \ 
language can give no^account of it in any other way than by 
. C£dlin^ each one’s attentidh to their own experience. As 
regards the numbers then^elves, experience must give •us U 
few iQ,Jjegin with ; the Vest may be derived and defined frofn 
these. Unity is an dltimafe reference, the abstraction from 
numerous concrete objects, that is, from many single impres- 
sions ; it is contrasted with two, and with the higher succes- 
sions. We learn one, two, thr^, four, five, tS^c., by repeated 
experientes of the successions so named; the hand is a 
familiar example of five. We might go a good way in dis- 
tinguishing the successive numbers ; but, in point 6f*/acf,* 
when a dozen or thereby is reached, we resort to modes of 
. comparison that^nrply grouped arrangements^. 

So much for oijr actual experience pf numbers, which’ is 
presupposed in\he attempt to ♦define them. For tho actual 
purposes of a strict definition, we mufrt assume one as indefin- 
able, that is, as already known. Even this supposes that we , 
know two at* least, for, witJicMt a contrast with plurality, <ve 
cannot possess the meaning of unity. * 

Before going farther, it is necessary to suppose that We« 
understand addition. This an abstract notion gained from 
many, dbncrete experiences of aoonmulating objects in iviass. 
We cannot define it; we must poipt to the operatiofi; an 
operation, as already remarked, that makes known suhtr^ction 
likewise ; afld also whole and pari. To attempt to define any 
of tliese notiona is to eucroach upon the ultimate experiences. 
^ of the mint} ; and the futility is shown by the word| empfoyed. 
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* aggregation,’ &c., which are not more elementary, or more 
simple, than the notions that they ar^ used to dehne. 

With a knowledge? of owe, and of addition^ we^may begin to 
define. The \9\Yest definable number is then iwo ; we may 
define it by the addition of one 'and 6ne. .oThe rest follow ; 
three is two added to one ; four is three a^d one ; five^is four 
and one, and so on. Each number is 'definable as one added 
to the previous number. Arriving at ten, we bring into play 
the decimal notation, or the grouping 6y tens, vVnich gives us 
double* expressions ; eleven is ten and one ; twelve is eleven 
and one, and also ten and twOf^; fifteen is fourteen and one, alid 
also ton an(l five. We> may be supposed at this stage to make 
use chiefly of the second form, although ‘always aware of its 
equjyalence to the first ; sixteen is ten and six ; twenty-seven 
is twenty (two tens) and seven. ^ 

All the other notions of Arithmetic are susceptible of defini- 
tion properly so called ; they may be derived from the notions 
now given. In logical strictness, there rs no need for a farther 
appeal to <^experience ; although the actual understanding of ' 
the processes is aided by using cojicrete examples of numbers 
and their formations. ' < 

^Definitions of Geometry , — The difliculhes here are far more 
serious ; yet the proceeding is the same. We must recognize 
a certain basis of the indefinable, a resort to experience for 
what can be giybn only by experience. 

By experience, we become familiar with all the 'modes of 
extension, and lenrn the names for them. We know solid 
. bulli^^ surface or area, length, angle, direction, straight, bent, 
curved, parallel, and so on. We also know what a Point is, 
in the peculiar acceptation of 9, landmark, or a'place to measure ■ 
from, to begin, to terminate, or to divide a, length. While 
Solid Bulk is the one concrete fact, all the rest are abstractions, 
an^ we learn to understand them in that character. We ^ can 
,, consider a line, or length, without affirming anything of the 
brradth of the thing discursed we can restrict our affirma- 
tions to what would bo true under any width, as when we 
' s4y a piece of string and a plank are ofi* eqhal lengths. By a 
large concrete experience of this^ nature, we are prepared for 
the raore i^jgorous methods of arranging and stating* thi3se 
iiotions in Geometry. 

T04 advert more particularly to our experience of Lines or 
lengths, abstraction being made of the accompanying breadth 
and thickness. In this one experience •is wrapt up inextricably 
a whole grpup of the notions given by the geometer in separa- 
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lion. In working with rods* with strings, with wires, and 
other things, we learn, not only len^tj^ (as greater or less), but 
also tbo difference between straight tltad bent,- creoked or 
curved ; together with direction, angles, 'qnd parallelism. 
Strivightness, di^jp^ctioif, angle, convergence, divergence, and 
parallf^isitf, however sejparated in Geometry, are all inter- 
mingled in our primitive concrete experience ; and, indexed, 
any one would 15e incompletely understood if it did not involve 
all the rest. •We cannot understand the full force of ‘ straigljt- 
ness ’ without understanding what is fneant by direction : 

‘ direction * would be very inco?|iplete without involving’ the 
meaning of an angle ; and the concrete experience of an angle 
gives all that is m«ant by convergence and divergence, and 
' also by the opposite of these — parallelism. ^ 

All these notions, therefore*, have to be assumed as being 
perfectly intelfigible and wholly indefinable. * We can 
assign nothing more simple or more elementary to define 
th m by. Tiie atteuipt to define an * angle ' only returns 
upon itself ; thus, an angle is said to be the inclhmiion of two 
lines, but ‘ inclination * is n^^rely another name fbr angl^ ; 5,3 
well^s^<^, ‘an angle is an an^le.** 

Geometry, as well*as Arithmetic, is a Deductive Science. 
Now it is the idea of a deductive science to assume the fewest 
notions possible, and to begin define, or derive, as soon as 
there has been laid an adequate foundation ifi»the indefinable- 
To make the application to the case in hand. The fewest 
elementary notions tiiat we can proceed with may b^ differ- 
ently stated by different pei^ons ; but one cannot be far wrong 
in the following : — point or landmark, line or length, straight, 
as contrasted ^itli^ bent, auglq, surface, sol^d. The thrqe — 
line, straightnejgs, angle — are really phjn^es c/f one experience ; 
and, by a great stretch of ingeihnity, we might find it’ppssible 
to qondense the three expressions into two, or even into evne ; 
for undoubtedly the line (as carrying with it length) implicates^ 

0 <* '.9 ^ 

• * Geometrical definitions are of three kinds ; (1) Those '^ich express 
our primary ideas of, sp^e, such as the definitions of a straight line, 
angle, a plane, &c. (2) Those which by means of the first class define 

certain ^mple form^, the triang^., the square, and the circle, from the 
properties of which all calculation of ^relative positions and superficial 
magnitudes is deriVed. (3) Definitions of other forms, as the rhombus, 
trapezium, hexagdn, ellipse, "&c., the properties of which are foun(|>by the 
application of»theorema obtained from ^be definitions oi the simple forms.’ 
(CHULHS ON-CALCULA.TlOIf, p. 61). 

The last named class eiSemplifwwhat are called Deductive Definitions 
(p. 166k 
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* straightness,* which itself involves its opposite ‘ bending/ 
and also ‘ diiv^ction / and *from direction yve cannot separate 
change or variety of dii’ection, as exhibitejJ in an ‘ angle/ Not- 
wit^istanding this inevitable mnt^ial implicatipn, we may 
retain the above enumeration of pc*imaiy or ii^dehnalDle notions 
— jpoint, line 6r length, straight (with hent)^ angle^ surface, solid 
(it ivoald be a vain refinemeg^it to treat ‘ sniface ' and ^ solid ! 
as derived from length, or vicS^ versa). From these we are 
aVJe, by proper analytic definition, to give an account of all 
the other geometrical notions. It is requisite, however, to 
unfold the immediate implica|ion8 of each, and to state whi^^h 
phase, aspedt, or property shall be put forward, in the subse- 
quent demonstraj^ions, as the testing property. 

Point. — As stated, this is the same meaning as landmark ; i 
for geometric purposes, we hold it as the beginning, division, 
or end, of length or a line ; all which must bd understood by 
actual experience. 

Line or length, — It is impossible to giye a definite meaning 
to ‘ line ’ without at once distinguishing the straight from the 
hmt iine ; ih is only thq, straight lipe that is synonymous with 
^length.’ * The mutually implicated notions — leng^ ..and 
Btrkightness — are absolutely inconimunidable by any &vice of 
language; they cannot even be made clearer by discussion. 
We may, however, select one feature or aspect as the lest to be 
referred to in the course of fee demonstrations, namely, that 

* two straight lines, if made to coincide in two points, will 
coincide wholly,* will have no interval ; all which ideas the 
,ldampi'*has to bring with him from his own independent 
experience. Another aspect of the straight line, sometimes 
given as its definition, is ^^che shortest distance between two 
points ;* this, however, may be proved by^proper demonstra- 
tion ; being a corollary to the proposition thaf two sides of a 
triangle are greater than the third. At the same time, it is 

^sufficiently implicated with our experience of lines to be 
received without proof. 

AwpZe.—This also must be known irom expenence. We 
jnvist see with our eyes two straight fejeets meeting with a 
greater or less opening. That (experience supplements our 
education in ‘direction/ ,and gives us what is meant by 
‘ divergence * and ‘ convergence,* greater or less. There is a 
farthef implication of two lines running side by side, and 
neither diverging nor conveirging ; to this fact Ve give ..the 
designations ‘ sameness of direction^ ^nd parallelism ; ’ all 
incomfinunipable notions. 
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It may then he formally proper to describe an angle as two 
straight lines meeting in a point, witl^ greater or* less diver- 
gence. This is merely one way of referi^ng ns to* oui* experi- 
ence of the fact ; and it is ♦thought the best Viprkable Jicst of 
an angle in the sijl^seqiibnt references. 

Witl^th€> angle, we ca^ conveniently connect the notion of 
‘ Pirection.* Inatonchtas all direction is relative, there nrtist 
be two lines givdh, and the angle they enclose gives the com- 
parison of the two directions. Direction being understoo(?, 
we can define a curve line, as a perpetually changing* direc- 
tioti ; which is an obverse equivalent of Euclid’s phrase ‘ a fine 
of which no part is straight ; ’ both expressions’ being proper 
to be retained. » • 

• Parallels, — These are inevitably undefstood along with»the 
notions already given. As to Jheir formal, or test c^finition, 
Euclid’s original expression,^* two lines in the same plane, pro- 
duced ever so far both ways, and yet not meeting,’ is properly 
a negation of both convergence and divergence, and is suffi- 
•ciently 'workable, which is all that need be said for* any defi- 
nition. , ♦ * » * * 

Pl%n%§urface , — This is clearly an incommunicable notio^i. 
It would be superfluous to construct it by the help of lines,, for, 
while we are learning lines, we are also learning surfaces. 
All that is needed is a convenient testing peculiarity, such as 
that given by Euclid, — ‘ any two points beixg taken in a 
plane, th^ straight line joining them lies wholly within the 
plane.’ The notions ‘ within ’ and ‘ without ’ must l)q got 
from our manifold experiencg of extended bodies, * 

Solid Bulk, — Also incommunicable by any simpler notions. 
Jf we seem to definfi^it by comb^ing the notions of ‘ planes ’ 
‘directions,* &c.,,we*in reality repeat ourselveff ; for these very 
notions were attained by a niass of experiences including 
solid bulk or volume. *' • 

Tlie elementary notions now enumerated being once obtained 
from experience, the remaining notions of geometry ^re defiih- 
able by referring to tljese. No new appeal to the senses ip 
absolutely required in defining a right angle, a circle, a triangle, 
a square ; although we are <5onetantly aided by concrete re- 
presentations in understanding these notions. 

’ Axiom of Mathematics. 

• • • . 

6.* The Axioms of ^Mathematics should conform to the 
Mnditions pf an axiom., namely, (1) they shou^ be ’real 
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propositions, and (2) they should be underivable from any 
other principles withii,'. the science. 

An axiom is, ki the first place, atreal proposition, and not a 
verbal or essential proposition. «The ^.xioms are the grotand- 
work of,all the reasonings in the science, out no reasoning 
can be based on merely verbal propositions.'^ 

In the next place, the axiom should be absolutely fuud^- 
rtrental and underivable within its own science v All that is 
characteristic of the axiom is surrendered, if we admit deduced 
principles. The axioms are the undeducible grounds of all 
the deductions. 

It is not a proper account of an axiom to say that it is a 
self -^evident proposition^ or a proposition assented to as soon aSi» 
pronounced. This may or may not be the case. Some axioms 
are self Evident, others not ; and many principles that are 
self-evident are not to be received as axioms. 

Axioms of Mathematics as a whole . — The axioms of Mathe- 
matics as *a whole, requisite to be given at the threshold of* 
Arithmetic,* are at lea^t these two;^ — ‘ Things equal to the same 
thing ax’e equal to one another,’ and ' The sums of e^afe are 
equals.’ These are real propositions, iiXductions from experi- 
ence, and undeducible from one another. Whether they are 
sufiicient for all purposes, will appear afterwards. Both are 
demanded by t^v) processes dr Arithmetic. 

Axioms of Geometry . — As it has been the practic® to teach 
Arithmetic to beginners, not as a reasoned or deductive 
tscieptod', but as a series of rules given upon authprity, and 
merely confirmed by their actual results, the mathematical 
axioms usually confront tHie learner for the first time at the , 
beginning of Goomejiry, which from early a^es has aspired 
to be, aot merely a body of correct rules for measuring mag- 
nitude, but a perfect type of deductive reasoning. As thus 
presented, the axioms of all Mathematics are so mixed up 
wi^th matters belonging to^ geoifiefry in particular, as to seem 
exclusivefy geometrical in their bearing, These axioms, made 
c familiar to us by Euclid, have to be Vied by the two tests 
already laid down. 

Euclid’s original text, there occur twehe axioips (or 
commbn notions Kowal Others have been added by 

mod«(rn editors ; it is not unusual to give fifteen. The two 
first in the enumeration are the two already ihentioued as 
.unquestionable axioms, coufonuing to both the criteria. The 
five suoce^ing are — • 
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(3 ) If equals be taken from equals, the remainders are 

equal. , * I ’ 

(4) If equals be to unequalsP, the wholes^ are un- 

equal. 4 

(4) If from ur^^quate, eqimls be taken, the remainders are 
^ '• unequal. 

, (S) Doubles ’the -same are ^qual. 

• (7) Halves of the same are* equal. 

Kow, these are all i^eal propositions, and therefore not dis- 
qualified by the first condition ; but as thby are all very easily ' 
deducible from the two first, tjiey fail to comp^ with' the 
second condition. They are not axioms proper, but deduc- 
tions or corollaries from axioms, and should be demonstrated. 

► If we are to call them axioms, there ismothing to prevent us 
from calling any real proposition whatever an axiom. It 
violates the very essence, the first demand, of a deductive 
science to take for granted without proof whatever can be 
proved from another principle within the science. 

•The'* eighth axiom, ‘ Things that coincide, or have the same 
boundary, are equal,’ violates the firstotest of an axiom ; 'it Is 
not a T^jp^al proposition, but a definition of equality. ‘ Coincid- 
ing ’ ana ‘ being equal ’ are 'not two facts but the same fact in 
two statements of language, the one being given as the expla- 
nation of the other. Equality as applied to extended magni- 
tude is coincidence to the senses ; to prove e^iiality we prove 
coincidence. Of Equality no definition can be given in tlie 
last resort ; it is the feeling of similarity or identity as ^applied 
to quantity. But in dealing with the special kind of quentit}?* 
considered in geometry, there is a convenience in specifying 
. the test of equality’ belonging to th5 case— namely, the visible 
coincidence of the ..boundaries of the two things compared — 
lines or plane figures. The supposed axiom is therePore the 
geometrical statement and adaptation^'of the fundamental ^nd 
indefinable notion of equality. 

The ninth^axiom is ‘ Th^'whole is greater than^ its part.* 
This also violates the ^first test ; it is not a real proposition ; 
the predicate is not difierent from the subject. It is a pro- 
perty implicated in the oqmmon fundamental notion that 
gives •a* meaning ' to addition^ subtraction^ whole^ 'part, The 
concrete experience implied by all these words is one and the 
same experience, and in it is implicated the fact that what we 
call^a sum greater than any one of the amounts summed 
up ; or what we call a "^hole is greater than any of the farts. 
We could not possess the notion of whole and port without 
• 14 * 
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possessing the fact that the whole is a larger magnitude than 
the part. If, ‘ therefore, t{^ere be any necessity for distinctly 
announcing this pecuhar aspect of toe . great fundamental 
notion of ’it should be given as one of the forms of 

expressing the notion of Additioni*whe!i thaj^ notion is first 
introduced at the threshold of Arithmetic. • , 

Tho tenth axiom, ‘ All rightrangles are eqmli * is implicated 
in the definition of a right angle ^ and should be stated as an 
appendage to tliat definition. 

The eleventh axiom*; in Euclid’s text, is a difficult theorem 
prepaV‘atory to the proposition^ Respecting parallel lines. 
is usuall}^ given in a modified and simpler form. Thus (by 
De Morgan) — ‘ If a straight line be taken, and a point 
exteripr to it; of all the straight lines that can be drawn 
‘ through the point, one only wilf be parallel to the first-men- 
tioned straight line.’ In whatever form given, it is not an 
axiom, but a proposition doducible from the definition of paral- 
lel lines ; in fact, it ought to appear among the Theorems of 
the first bo®k, unless, indeed, it be so nearly identified with 
the definition of parallelsithat it can, be ^iven as a mere various 
'wording or obvious implication of that definition ; 
however, is hardly the case. ’ 

Euclid’s twelfth (and last) axiom is famous in the History 
of Philosophy : ‘Two straight lines cannot enclose a space.* 
It is not a real (-proposition, but merely an iteration of the 
, very fact of straightness. The fro forma definition ‘ of this 
indefinable notion is ‘ When two lines cannot coincide in two 

f )ointSf Vithont coinciding altogethgr, they are called, straight 
ines.’ Now it is a synonymous variety of the expression 
‘ coinciding altogether,’ th4it there should be *iio intervening 
space. That the «lines( should be ‘ straight ’ and that they 
should ‘^snclose a space ’ would be a contradiction in terms. 
Thi^ axiom must, accordingly, be rejected ; the phrase ^ not 
enclosing a space’ being transferred to the definition of 
straightness, as an emphatiQ> obverse iteration of ^ coinciding 
^ altogether,^ We might express it thus — ‘ When two lines 
cannot coincide in two points without ooinciding altogether, 
that is, without excluding an intervening space, they are 
calledistraight lines.* « ‘ ‘ ^ 

In th‘e modem texts of Euclid, there are added to the list of 
axiomsisuch propositions us the following . — ‘ If two things be 
equal, and a third be greater than one of thenr, it is also 
greater than the other.’ This is cleaily demonsti'able from 
• the proper af ioms, coupled with the notions of greater and less. 
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More notable ii^ the argumentuih, n fortiori^ ocbasionally im- 
ported into Logic, a^thcfngh in its natui% strictly *ma1?hematical. 
If A be grojjter than B, and B greater thati jD, much, more is 
A greater than C. Every dne readily assents to this principle 
as an indfiction jProm fdcts of their own observing, • If it can- 
not Be deducti\^Iy inferred from the two proper axioms, it 
*^will have to be deceived as ai^ird axiom. Probably, however, 
mathematicians would be able to demonstrate it, if not direcfly,, 
at least by redkictio ad absurdum^ froin those axioms. * 

, Another example of a propofed axiom is the following : — 

* Of all lines that conjoin two points,* there must be one lyith 
none less ; if onlyi one, that is the least.* * If there is any 
necessity for enunciating this circifmstance, it should be 
given as implicated in our experience of lines ; it8^/)pposite is 
a contradiction in terms ; the very meaning of ‘ least * is that 
there can be nothing less. 

The bringing forward of axioms at every new stage of 
Geoniietry is wholly at variance with the deductive cJharacter 
of the science. There be requited a class of, principles,, 
intgrmediate between the axioms proper and the demonstrated 
tlieormhs ; but they should hot be confounded with the primary 
foundations of the science ; they should have a name distinct 
from ‘ axiom.’ If inconvenience were now to arise from drop- 
ping the name in connexion wi^ these preliminary principles, 
some emphatic designation should be adopted for the really 
fundamental truths — ‘ Axioms-in-chief,’ ‘ Axioms proppi^’ ‘ Jju- 
demonstrable assumptions,’^* Final Inductions.* * 

The Postulates, — These are the groundwork of the construc- 
tive part of Gdometry — the problems, as distinguished from 
the theorems. It.ls Euclid’s plan to carry bn, side by side, a 
series of problems of construction and a series of theorems ; the 
constructions being required for deirfonstrating the theortuns. 
Th^se constructions, however, have an independent value for' 
practical applications j th^ ’land * measurer follovvgs Euclid’s 
method in throwing out a perpendicular from the side o^ a 
held. Now, in constructing, as in demonstrating, something 
must be assumed at the oqtset; and these assumptions are 
to be, the fewest ’possible. Accordingly, Euclid starts* with 
demanding three operations — drawing a straight line from 
one point to another, prolonging a given straight liriiS, and 
describing & circle ; in concrete, he ' requires the student to 
have a rrdeV and a papf^of compasses.* • 

, * * The Postulates which are prefixed to Book 1. require us*to admit thtft 

certain geometrioal operation§ may be performed, without respect to^thc 
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It is averred that, in the eoiirse ot Euclid's demonstrations, 
tacit assumptions are qccfcsionally made, suCh as should have 
been placed among his axioms. Thus, in* the fourth proposi- 
tion,* there is air> assumption that a*figure may bte lifted and 
turned upon itself without change of form. ®his, howevef, is 
part and parcel of that great step, the very earliest to be *made 
. in geometrical proof, whereb]^ the comparison of two plane 
figures is achieved. As regards the firt^t proposition, Mr. T)e' 
Morgan ^ points out two postulates that should ' have been 
explip.itly given with the others ; and, for the twelfth, two 
more postulates are necessary (Companion to the British 
Almanack, for 1849). 

The leading branches of Mathematics : — Arithmetic. 

8. The foundations of Arithmetic are the two proper 
Axioms of all Mathematics, the Definitions of the funda- 
mental operations — Addition, &c., and the Definitions "of 
the Numbers. The Propositions flow deductively • from 
these^Axioms and Def^iitions combined. 

The Axioms being premised, the Operations und^^t^od 
’and the Numbers defined, the deduction ‘or demonstration of 
the Propositions easily follows. 

The Propositions of Arithmetic affirm or deny the equivaU 
ence in amount of "'numbers dijjerently aggregated. The follow- 
ing are examples. Six and seven is equal to nine and four, 
to . ten apd three, <fec. ; that is, a row of six and a row of seven 
N^ould'be the same total aggregate^as a row of nine and a row 
of four. These are propositions of addition. As there is one 
standard mode of .expressing aggregates — the decimal system, 
the arithmetical pfopoaitions usually take ihe form of stating 
other modes of aggregation as ^equivalent, or not, to a given 
decimal aggi*egation ; niiie and five is fourteen (the decimal 
fcggregate — ten and four). There are corresponding proposi- 
tion% of subtraction ; nine taJcen from fourteen leaves five. 

manner of performing them. In fact, they appeal tj our eonceptionat and 
for all the purposes of reasoning might be expressed thus : 

Any two points may be conceived to bi* joined by a straight line. 

Any •terminated straight line laay be conceived to admit of unlimited 
extension. 

A ciii 3 )e may be supposed to have any pObition for 'its centre, and a 
radius ot any magnitude. . « . . 

The following is another postulate of the same kind, which we shall 
have occasion to refer to hereafter : — ® . 

A straight lijae passing through any point may be conceived to be paral- 
lefto another stn ight line.’ (Chalws on Caloolatiok, pp. 63-4 ) 



PKOOF OF^ 'HUE PROPOSITIONS OF NUMBER. 213 

The proof of such propositions is the application of the' 
axioms to the definitions of the nlimbers as *^ready given ; 
the axioms are the major premises, the definitions tJhe minors. 
Thus, to prove that thrdb and four is seven*^ in other, \^ords, 
that a row of ikree ?qgeth*er with a row of fopr is the same 
as adcow^of seven . Wa may proceed as follows : — ^ 

By the defiuAiop, 8 is 2 -[- > (or again 1 -|- 1 + 1). 

, Hence, 4 -f- 3 is tjie same*as 4 ^ “I" !• 

Now 4 + 1, = 5 ; 5 -h 1 - 6 ; and 6 + 1 = 7. * * , 

The warrant for these substitutions is the law ‘ the sums of 
equals are equal,’ applied thus*: — 

1 -f 1 + 1 =f 3. 

Hence 4-fl-f-l + 1(7) = 4 + 3. 

Arithmetical probation thps, at the outset, creeps alvsng by 
a unit at a time ; when, in that way, larger leap^ are estab- 
lished, the deductions ane much shorter. For example, we 
can construct and commit to memory a table for the addition 
of every two numbe/rs up, to ten (2 and 3, 2 and 4, &c). 

Propositions of multiplication — six times ej^t .is, forty- 
eight — are a mere extenaion of the process of addition. ,Thq 
cdlebiiated multiplijjatiou dable embodies 144 of these proposi- 
tions, and, by implication an equal number of propositions of 
division. 

. Thus, while the affirmatio n^ B and 1 is 4,’ is a verbal pro- 
position (being declaratory of the meaning* of 4), ‘ 2 and 2 
is four** is a real proposition deduced from the induction ‘ the 
sums of equals are equal.’ This last is sometimes palled a 
necessaft’y truth, but it ia not necessary in the sensed, of &.n 
identical or implicated truth ; ij is true only if the above 
axiom be true, ft is sometimes called sdf-evident, but that 
mer.ijly meana tlfat it is very rapidly appreciated ; it is essen- 
tially of the same scientific character as 16 times ^16 is 256, 
which would not be called self-evident. • 

As there is no limit to J^umbers, so there is no limit to tile 
propositions asserting (oPdenyiifg) the equivalence of nuifibers 
differently stated. • 

^Algebra, 

• * 

9. The vast mechanism of Algebra rests upon thfe funda.- 
mental axioms of all Mathematics. It is a great ejgtension 
o^ the colhpass of Arithmetic* depending upon using sym- 
bols of numbers^ sin^sigm^of operation, for actual lyimbers 
and actua.1 operations. 
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No new principles of reasoning or computation are intro- 
duced into Algebra; its foundations are solely the axioms 
common t® all inathem'atics. Its characteristic feature is, in 
the place of actual numbers, to employ symbols i*epresenting 
numbers generally ; and, for the actual cperations of addition,, 
subtraction, xiiultiplication, division, tb use sigm ef o|)era- 
tion, 4”, — , X, -T-, Ac. 

Numbers are no longer compa-^ed by their actual amount,, 
butr by their modes of formation. One n timber is regarded Ils 
fnade up-of others formed in a particular way, shown by the 
signs 'of operation. A number a is given as made up of the 
sum of b and'c, as b + c ; or of the product of b and c, as & c ; 
or oT the square of b, 6*. On this scheme the one number is 
said tp^ be a function of the others ; and the science of Algebra 
is said to be the calculus of Functions. 

The simfile functions of numbers are few, oeing the ex- 
pression of the elementary relationships — addition, subtraction,, 
multiplication, division, powers, roots, logaidthras, sines. 

Mr. Challis distinguishes between Algebra and the Calcufus of 
Funetibiis Hb restricts Algebra to the instrumentality and mani- 
pulating of Equations. Algebra is a more highly generaliged 
*8cheine of symbolical expression than Arit’:metic; it reju’esents 
quantities by letters, a, 6, cc, which may have any numeric*, al 
value, the only thing considered being their relal ionships to one 
another, as sums, differences, pr^^dncts, roots, &c. The Calculus of 
Functions is a still farther step in the same direction. It uses 
I symbols to show that one quantity has relationships tc/ others, 
wdthout condescending on any one form of the relationship ; / {x) 
er.pres^^s that a certain quantity is made up of some modifications 
of oj, without saying what they are. Tt operates generally upon 
the form 2/ = / (®). One leading and important enquiry is to find 
the symbolical expression, when •4he variable x receives a certain 
increment h, and becomes / {x + /»). This gi^es Hrth to distinct 
theorems, called Taylor’s Theorem, Maclaurin's Theorem, Lagrange’a 
and Jjaplace’s Theorems, arid conducts to the Differential Calculus. 

^10. Algebra shows the equivalence of different opera- 
tions ; aud’^thereby gives tSie means of resolving the on^ 
into the other. 7 

This is to extend the propositionsiof Arithmetic. By study- 
ing the. Algebraic forms, we' find that the square of "a ‘•sum 
(a Is equivalent to the squares of the separate factors 
added "<to twice their product (a* -f- 2 a i) ; no matter 

what the numbers are. 

1 1. The jise of signs of operations teadily leads to ex- 
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pressions not interpretable? into any actual facts ; .and th’e.* 
distinctive business of Al^ebra*i%to define and justify all* 
its combinations. , 

SubtractloD in cannot be p^rforined^ •without 

sofnethir^ to Afbtract from ; the Algebraic sign — , may be 
prefi^ced to a number ix*respective of this fact. Not only so, but 
the number sg qualified may fie formally subjected to sfll the 
operations j)erformat)le upon real numbers. We may suppose 
two negative quantities multiplied together, a process not tp 
be realized in fact. There is a still greater departure^ from 
possibility in placing a negative quantity undev the sign for 
extracting the square root, — 1, — a. 

It is necessary ?o qualify the rules for flie cardinal opera- 
tions of Arithmetic, in their extension to Algebraic quafitities, i 
by explaining^ the conditions of the use of the sigpis : — to lay 
down and demonstrate tMch rules as ‘ minus multiplied by 
plus gives minus ‘ minus multiplied by minus gives plus.* 
Although the demonstration of such rules is a matter for 
logical discussion, we do not enter upon it hSre* Jla^he- 
rnaticians usually satisfy •fchemselves* in all such gcases by arv 
ap’^eai to the verifiojition ef experience ; to which they append 
some form of deductive proof. But deductive proofs in such 
matters would never be trusted by themselves, or in the 
absence of verifications. Th©#? 3 ^ ‘ minus nyiltiplied by minus 
makes ^plus,* is shown by manipulating thfi product of two 
difierences as a — 6, by c — d ; where it is seen that only by* 
this rule can we obtain a correct result 

• • ^ 

12. The highest form of the Alirebraical Droblem js the 

Hesolution of )Jquations. * 

This contains all the preening processes, and applies them 
in an advantageous manner to disentangle complicated telatiou- 
shlps of numbers. * ^ 

in an liquation, two ^expressions known to be equaj are 
placed against one another ; as — 

•l3.^-f2a — b = 6 X — c. 

By applying the fundamental axioms of equality, and a few of 
the pemvenient derivatives*from Jhem (the differances o^ equals 
are equal, equal multiples and equal quotients of equals are 
eqi al, the sqilares, squUre roots, &c,, of equals are eqjAl), the 
equation may be so manipulated th^t there may stand, at last, 
on one side, the quantity a? ^ whose value is desired), and, on 
the other ^ a function made up of a, 6, c, to the exclusidh of x ; 
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strict equality being preserved at every step of the transform - 
ing operation t No logicjal difficulties are involved in this 
refined and powerful Machinery ; while ’t may be quoted as 
happily exemplifying the interveniiion of the .axioms and 
derivative propositions of equality.^ 

Geometry. 

13. Some of the more difficult logical questions arising 
put of Geometry —those relating to thel)efinitiohs, Axioms, 
and Postulates — have been already considered; it remains 
to advert to the order of topiis. 

Every science ^.-eposes alike on Definitioius and on Axioms ; 
which, accordingly are stated at the outset. Generally speak- 
ing, the Definitions come first, the Axioms next. But the 
Axioms of Geometry may be supposed already given, as the 
indispensible basis of Arithmetic, and, therefore, need only to 
be recited along with any corollaries or derivatives especially 
required in Geometry. •• 

It would be advisablet^o state first of all the concrete basis 
of Geometry — to give the notions attainable only from concrete 
« experience. These have been already enumerated. To make 
a brositl separation between these ultimate indefinable notions, 
and the properly definable, the expositor might interpose the 
review of the Axioms, especially dwelling upon their inductive 
P character, and drawing the line between the fundamental and 
the derivative. At this stage the teacher should allow himself 
the fuJ.fest latitude of concrete illustration. 

N(ixt would follow the remaining Definitions in order of 
derivation or dependence. Frequently, cqrollUries are given 
also ; but these are not proper, or mediate, inferences ; they 
are mere equivalents of the definition, not to be denied with- 
out self-contradiction. Such are, ‘ only one straight line can 
he rfrawn between two points; ’ ‘all right angles are equal.* 
No mediate inference can be.dra#h from a Definition without 
' the introduction of an axiom ; a truly deductive process, 
ambunting to a theorem. 

Euclid’s three first propositions , are problems or construc- 
tions. { The first theorem is the real start of the Geometrical 
concatenation ; namely, the fourth proposition— establishing 
the eqit^lity throughout of the two triangles having two sides 
and the included angle equal. This is the' sole basis of geo- 
metrical comparison^ the commencing svride that renders pos- 
sible all the subRoc|uent assertions as to the equality and 
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inequality or triangles, parallelograms, &c. The proof, ot the 
proposition is peculiar; only once a^aifi (I. 8) is the saihe opera- 
tion made use of; naia^el^, the ideal plaohig of the one triangfle 
upon the other. Here, inafact, we have an .inevitable appeal 
to experiment trial* in the concrete ; just "as in thd defini- 
tions ^nd the axioms, w*^ must take our first lesfeons.from the 
manipulation of Actual objects. , Euclid, by his mode of §tat- 
the demon^ratibn, profeseedly goes through a process of 
pure deduction, all thd time that he requires us to conceive an 
experimental proof. He appears to be nfsing merely an illus- 
tration in the concrete ; but if h:^ readers had not made astual 
experiments of the kind indicated, (doubtless the same ex- 
periments as gave the original notions of linjB, angle and sur- 
face) they could not be convinced bv the reasoning in the de- 
monstration. 

If apparently a proposition be proved without ’appealing 
to ,an axiom (either directly or indirectly), shows that the 
proposition cannot bp real ; the subject and predicate* must 
be id&ntical. The proof bests solely on definitiqns ; but a 
definition by itself cannot advance ys a step. . The’ propo- 
sitipn must, in fact, be a mere equivalent of the** notions* of 
line, angle, surface, equality — a fact apparent in the operation 
of understanding these notions. It is implicated in the experi- 
ence requisite for mastering the indefinable elements of Geo- 
rdetry ; and should be rested piSTv^iy on the basis of experience.* 

The 5th proposition is what really constitutes Euclid’s first 
demonstration by a genuine process of reasoning. In it, there 
is a legijiimate deduction from the axioms commofi^to ‘uy 
mathematics, conjoined with the induction, falsely called a 
demonstration, '•given as the 4th *proposition. The axioms 
applied are, the prjSper axiom, ^the suras of Equals are eqlial,’ 
and the derivafive, ‘ the differcgices of equals are equal.’ 

1*4. It is the characteristic of efeiiientary Geometry to 
maintain t^e concrete reference to diagrams, which givetf 
the subject to appearance, bift only to appearance,** an 
inductive or expkiiflental character. ♦ , 

* M^. XIhallis remarks, on the Proposition, that^the prqnf rests 

on no previous proposition, and appeals only to the simplest conceptions 
of space. * This .proposition is proved by the principle of superposition, 
neither requiring, nor admitting of, any other direct proof.’ A* casual 
observation oi Mr. De 'Morgan’s is well exemplified by Euclid’s attempt 
to demonstrdte this fundanaental assumption — * the Conversion of identity 
by help of a syllogism is Veasoning in a eireie* * 
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All. symbolical reasonings ai*e liable to mistate. Not to 
speak of the slips tht^j ohe reasoner himself may commit 
unknowingly, there vs often a failul'e Qf adaptation between 
the, laws of the symbols and the Ifhws of the ingitter they are 
applied to. i’or this the remedy is* the constant verifica- 
tion of the results. Now, in Geometry, an actual figure is 
always before the eyes, and the effect of e/ery consiruction 
and every step of reasoning is judged of by actual inspection. 
When the diiectioii is given to join the opposite angles of a 
quadrilateral, there is apparent to the glance the division of 
the* figure into two triangles,^ For the most part, Euclid offers 
no other proof of this class of consequences. Sometimes he 
applies the redmtio ad absurdum in such «ases, as in the proof 
thi^j the tangent to a circle fails without the circle. # 

So long as Geometry is discussed in the concrete, or by 
naming fines, angles, circles, the mind must conceive them in 
the concrete, which would be impracticable without the help 
of diagrams. In Algebraic Geometry, the concrete form is 
exchanged for numerical equivalents, to be manipulated accord- . 
ing^to' the ' laws of operation in Arithmetic or Algebra; a 
rectangle is no longer a fact of space but a product of nur^^bers 
or symbols ; a curve is an equation. The student is cautioned 
by Hr. De Morgan that, although the names ‘ square * and 
‘ cube ’ are transferred to Al|»’ebraic quantities, a.s a* a®, the 
names mean different thiif^S from geometrical squares and 
cubes. * 

Algebraic Oeometry. 

1'.^. The expression of Geometrical quantities by Algebra, 
while depriving the iriiii,rl of the assistance of the diagrams, 
greatly enlargec the power of demonstration and inference.* 

Compare Euclid’s 2nd bq^k with the same propositions 
algebraically rendered ;..,the one is laborious, the other com- 
paratively easy. 

^The great device of Descartes, ^for expressing curves alge* 
braically’by co-ordinates whose relation in each case could be 
stated in a formula, opened up a neV fiGd of mathematics. 
The conic sections became comparatively easy ; and curves of 
a stjll highar order that wquld have baffled common geometry 
were "brought under investigation. The method was also an 
essefj^tial prelude to the Differential calculus. 

16. Algebraic Geometry furnishes specific rules fof the 
embodiment and for the interpretation of formula. The 
rest is pire algebra. ^ 
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It is easy *to embody a rectt£ngle, in terms ot the sides ; an 
algebraic product i^ sufficient for tbe^ purpose. ^Angles may 
be expressed by their j)r(fportion to the circle, that isjby their 
subtended arcj and also by^their sines, tangents, &c. Cur,ves 
are g^ven by co-ordinatss on»the Cartesian plan. The rVles of 
embodimer^ are also the ‘rules of interpretation. 'But as there 
is freqiient dange.* bf qyersteppiqg geometrical condition^, by 
ijgebraical openiftionS, tbe intorpretation must be continu'ally 
verified. M^hematics’is the slipperiest of sciences; its ana - 
lytical processes are full of pitfalls; but luckily, it is the*easiest 
to keep right by verification. Ti:\e arithmetical symbols 0 and 
I are used with a latitude that makes them ambigifous, unless, 
for each case, there a distinct understanding made and ad- 
hered to. 

T'he Higher Calculus. 

1 7* The representation of continnons quantity, by means 
of numbers, in certai!! cases, fails to give a neat or definite 
•rejlult.** 

Continuous quantity, as eiemplified in lines and hi motions, 
mus^ be supposed to bs broken up into equal portions in order 
to be expressed uumerically, and thereby to be made* the 
subject of arithmetical computation. In certain instances, the 
division cannot be made witboiri; a remainde?*. Hence arises 
a peculiar; difficulty, ^ 

In vulgar fractions, first emerges the peculiar case of twcom- 
mensurable quantities, that is, quantities that have no cammcrn^ 
measure. * In Geometry, the* side and diagonal of a square^are 
incommensurable! j if the side be dirided into equal divisions,. 
*no matter how maSy, these divisions will rjot apply to the 
diagonal without a remainder. ^So withHho diameter ^ind the 
circumference of a circle. 

* 

18. The solution of Incornmensurables, and the acom- 
modatioii ofMuimbers to continuous quantities generally, 
can only be approj^irmte, A variety of modes have beep 
devised, at bottom tUe same, for working out the approxi- 
mation. . 

j 

Mathematicians long struggled to eyade the difficulty before 
acknowledging *the true "character of the solution. A^great 
numj>er of persons refused to believe* that the diameter and 
ciroumferenbe of a circjiil would for ever remain incommensur-. 
Able. > 
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Euclid’s definition of proportionals is deservedly admired 
for its ingetauity in endt* avouring to comprise incommensurable 
quantities ; but it fe not satisfactdry. A competent judge 
(De .Morgan), remarks, first, the -want of obvious connexion 
between it and the ordinary well-established ideas of propor- 
tion ; secondly, its involving an idea of infinity an^ lastly, 
the apparent unlikelihood that any quantities exist capable pf 
satisfying the definition. Tb«^ difficulties can be met only by 
the method of approximation, on which is baeed the Whole 
structure of the higher or transcendental analysis. 

The first application of the approximate methods was to the 
quadrature of the circle, as given in Euclid. The process 
there given is*'Commonly called the method of Exhaustions. 
Thj^ gist of the matte? lies in the proposition — ‘ A circle being* 
given, two similar polygons may be found, the one described 
about the circle the other inscribed within it, such as shall 
differ by a space less than any given space* These last words 
give the idea running through all the processes, named the 
Theory cf Limits, Prime and Ultimate Ratios, InfiteitesimaL 
'Quantities.' A curvedine can never be a straight line, but by 
diminishing the arc, the approximation of the two increases, 
until at last we pass not only beyond 'Uny sensible error, bub 
beyond any error that may be assigned. Thus an arc may be 
said to be the limit of its chord ; the area of a circle may be 
said to be idertical with afflnscribed, or a described, polygon 
of an infinite number of sides. Now as the polygon consists 
of a series of triangles with a common apex in the centre, the 
area of the polygon is equal to Ijalf the product of the radius 
and the sum of the baseSj^or chords ; and by diminishing these 
cljords without limit, they become identical with the circumi 
ference of the circle, 

The' method of ExhaustionTj was applied by Archimedes to 
t}ie quadrature of the parabola, and to the solid measurement 
of the cone, sphere, and cylinder ; all which give neat solutions, 
oc expressions in finite terms. ' The subsequent developments 
were left for modern times, ft.fter the discovery of algebra ; and 
*'they advanced as algebra and its applications to geometry 
advanced. The Fluxions of Newton and the Differential Oal- 
oulfig of Tjeibnitz were the great algebraic embbdiments. 
These methods contained a new* order of quantities, called 
Flifsdons (by Newton) and Differential Co-efficients (by Leib- 
nitz), formed from ordinary quantities on considerations grow- 
ing, out of the method of Limits, andT’esolved back again on 
the same^^laws. The quantities once created, the operations 
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were treated as pare algebra, and mathematiciaas left tbem to 
be justified by their results, rarely atti^mpting to lender a rea- 
son for the assumptions lurking under ‘^them. ‘Hedce, such 
attacks upon" the system Rs Berkeley’s famoh'ji sarcasm, , that 
the fiuxional calanlus operaiied upon the ghosts of departed 
quanti^iies.'* The neglect .to assign the tfue basis of the cal- 
culus, and the treating'it from fij^t to last as a pure algebi.‘aio 
^sijmption, culminate^ in Lagrange; against whom Whe well 
and De Mor^n have reclaimed, and have provided the necelS- 
sary reconciliation of the algebra with the conditions? of the 
various problems to be solved ; ♦showing that approximation 
and compromise mus^ be held as essential to the operation. 


'CHAPTER II. 

LOGIC OP PHYSICS. 

1. It has been seen (Introduction) that the branch of 
science termed ^fatural Philosophy or Physics is divided 
into two parts-— il/oZar Physics iitid MoUculOx Physics. 

The aggregate called Natural Philosophy scarcely admits of 
definition, until separated into distinct departments- nikfoZor 
PhysicSj or Motion in Mass, and Molecular Physics^ or M6tion' 
in Molecule. ^ ,, 

The Physios of Masses, Molan Physics^ inoJudes the pheno- 
mena of Motion and Force, as belonging to bodies in the 
aggregate. Such are the phenomena jof planetary motions, of 
falling bodies, rivers, winds, &c. 

The Physics of Molecules, JHolecular Physics^ relates to the 
motions and forces operating betv^een particles or molecules, 
these being of a d^re® of minuteness far beyond the reach of 
the human senses, lie phenomena representing such notions 
and forces, are the Aggregations into masses ; Oq^esions and 
Adheilions generally ; Heat ; Electricity ; Light. RciWa- 
tion is made of the peculiar form of molecular force, qalled 
Chemical fprce, as having a character and consequences 
peculiar to itself. 
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^ AiV)LAR PHYSIOS. 

^ V Divisions of the^iibjecL 

' 2. The Abstract Branches,*’ co?nprisilbg Mption and 
Force iir general, aii^ susceptible of Dedactive and Mathe- 
matical treatment are these^:— ^ 4 . 

Mathematics of Motion KinemaUca. 

Forces (l)'in Equilibrio — Statics, 

Forces ( 2 ) can sing ^xMotion — Dynamics, 

The Ooncretb Branches are — 

Mechanic^Powers and Solid MachiJiery, 
r Hydrostatics and Hydro-dynamics, 

Aerostatics and Pneumatics, 

Acoustics, • 

Astronomy, 

Notions of Molar Physics. 

ti , 

-3. In Fhysics, are pre-supposed the Notions (as weP as 
the Propositions) of Slathematics. Only those special to 
the science are here reviewed. 

Motion — Eest.-^^Thin antij^bctic couple is the fundamental 
conception of Physics, and is probably an ultimate experience of 
the human mind. We obtain the idea of Movement by a 
peculifiv employment of our active energies, assisted by sen- 
Satiqii:. We also obtain a knowledge of the varieties' of move- 
ment — quick, slow, unifor,m, varying, straight, curved, con- 
tinuous, reciprocating, pendulous, wa^ e-like, &o. The 
modes that depend upon degree, or Velocity, 'Are of the 
ultimate experience of n^otion as such ; those characterized by 
shape or Form have a property common to mere extension; 

* Force , — This is without doubt Ae most fundamental notion 
of iJhe humran mind ; in the 6t(i©r ofevolutirm, it concurs with, 
if jt is not prior to, both motion and exi^nslpn. It cannot be 
defined except in the mode peculiar to ultimate notions. The 
feeling that^we have when we ekpend muscular enoi^gy, in 
resistnig or m causing movement, is unique and irresolvable. 

Inertia, Resistance, MorrCentum , — These nameg? designate our 
experience of force from the objective side, or as embodied in 
the things of the object world. ,The OQcasion qf calling forth 
dur feeling of energy when referred to ah external fact is Be- 
sistance, In</rtuess, Momentum, or External Porce—all signi- 
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fying the sa%e thing. This great fact must be learnt,. in the 
first instance, by ea^h one^s separate ej perience ; the best mode 
of scientifically expressing it is a matter for discussion. 

Matter .is Extension, co’^pled with Force or Inertia, ^ 
thing extended and at the Sa»me time possessing force, either 
to resist 014 to impart mojiion is Material s 

MasX Density^ '<tioUdity, are derived notions ; they are ch- 
ained by putting together Force and Extension or Volume. 
Th^ Mass is tie collective J^orce of a body, shown by its degree 
of Resistance, and also by the amount of Resistance it can 
overcome when moving at a gi^en rate. The Density is the 
^degree of space concentration; a given power of resistance, 
with a smaller bulk or volume, is a greater D 3 nsity. Solidity^ 
^ when not signifying the solid state of matter generally, as 
opposed to liquid or gas, is another name for Densit’j^ 

Impact is a phenomenon expressed by means of opace or 
Extension, Motion, and Force. It is one mode of imparting 
visible or kinetic energy, and is a test or measure of Force. 

^ JiUra^tion is definable b^ Extension, Motion, and Force. 
It is a mode of communicating Force, distinct from Impact^ 
and in some respects simpler. Among its specific example's 
are (jravity. Cohesion, Adhesion, Magnetism, Electrical Attrac- 
tion, (Chemical Attraction). 

JCepulsion is definable by reference to the same fundamental 
notions. It also is a mode 01 iSiparting or^ redistributing 
force, and differs from Attraction only in the way that it 
changes the relative situation of the masses concerned. It is 
exemplified in the Expansive energy of Gases in their ordinary 
state, in the Expansion of Liquids and Solids from rise* of 
temperature and. after compression (called Elasticity). The 
TPolar Forces — Magnetism, Electricity, &c., exorcise, along with 
Attraction, a counterpart Repulsion. 

By still farther combining these primary notions, we obtain 
— Equilibrium, Composition and Resolution, Resultant, Virtual 
Velocity, Centripetal, Centrifugal, Tangential force, Projectile. 

To Mechanics bejpng Specitio Gravity, Centre of Gravity, 
Stability, Oscillatio;^, ISptation, Percussion, Friction, Mechanid 
Power, Machine, Work. 

In Hydrostatics,^ occur Liquid, ^ Liquid Pressu/e, Liquid 
Level, ^Displacement, Flotation, Column of liquid. 

In Eydro-dyrtamics, Liquid Motions, Efflux, Disch^^vge, 
Liquid Wave*. 

In^Aerosta/tics ^ind Pnmmatics, Air, Atmosphere, Expansion 
of Gases, Flow of Gases, Undulations, Atmospheric pres- 
sure. 
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In Aamstics^ Sound, Pitcli,^ Timber, Vibrati6n8, Noise ; 
Note, Ebho,* Harmony. ^ ' 

In Asfronoimj, Sun, Planet, Satellite, Comet, Aerolite, 
Bolid, Star, Nebula, Orbit, Ecliptic, year,' Month, Day, Eclipse, 
Transit', Paralldx, Aberration, Right Ascension, Declinajbion, 
Eccentricity, Node, Af^side, Perihelion^ "Per tuffSation, Libration* 
Precession, Nutation, Tides. , 

Propositions of 'Molar Physics, 

4. These are of the following classes : —(1) The Induc- 
tion's of Force and Motion#; (2) The Deductive Propria 
asserting the quantitative relationships of Motion and 
Force ; (3) Empirical laws of the concrete phenomena. 

(I; The groat Inductions, commonly called the Laws of 
Motion, afre the axioms of the science. The'se will be con- 
sidered afterwards. They are all ^aantitative in their expres- 
sion. Another fundamental Induction is the Law of Gravity, 

(2) The science being pre-eminently Deductive, its pioposi- 
tions are for ,%e most part deductions from the axioms. Such 
are — the propositions of the Coniposition and Resolutiop of 
Motions and Forces ; the proposition called the ‘law of Areas;* 
the principle of the Mechanic Powers ; the principles of the 
pendulum ; the law of liquid pressure ; the principle that con- 
nects fluid mot'cn with fluid ^hpport ; the laws of the propa- 
. gation and the reflection of sound, r 

All these matters are stated in the form of real propositions, 
.wiiich, 'however, may be deduced from the axioms or induc- 
tions of the science applied to the' particular cases as soientifi- 
oally defined. For example, the law of^flu^d pressure is a 
prcfposition to this effect. ‘ At any point ill a fluid at rest, tha 
pressure is equal in all directiqus the subject"" of the proposi- 
tion supposes a fluid at iiest, a point taken in it, and oonsidera- 
^ tioh given to the pressure ; the predicate is ‘ equality ih al| 
dir^eotions.* The proof is deductive, and ultimately rests on 
the axioms of motion and foree, together w^’th the definition of 
.fluidity, although the proximate majors >ireQbhe propositions of 
the Composition of Forces, 

Si^bsidiary to the working out of the science are the propo- 
sitions* expressing the quantities of potion, force, &c., existing 
in acjit^aal things. Thus, besides the Law of Gravity, we have 
a statement of the numerical amount of gravity at the earth’s 
surface ; also the relative gr^^vities «of different solids and 
fluidgl^ These numerical propositions' are called tho data^ 
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eonatmts^ or co-efficients of th% science, and are ascertained by 
observation and experiment. * I . • 

(3) There are cevtaiti emjpiriml law9 obtained by observa- 
tion or experiment. Sitch are the laws ctf^the Strpp^h of 
Materials (to s^ijie extent •Deductive), the laws of Friction, 
the ]^oti§n of ProjecJiles (partly active),* the Flow of 
Rivers, the Spotiting*of Liquids, the Compression of Liquids 
and of Gases, the Diffusion of Sound, the action of Vibrating 
Stt’ings, &G3 These a^e all real propositions ; they are in tUhir 
nature 'propria^ or deducible from ultima*te principles f but, in 
the present state of knowledere, Aev must be grained bv direct 
experiment. 

Definitions of Molar Physics: 

5. As in Mathematics, so in Physics, there s;re certain 
properties that are ultimate, and incommunicable by lan- 
gimge ; being known by each one’s independent experi- 
ence^*^ Nevertheless, it fe open to us to consider the best 
mode of generalizing and stating th^s experience. 

The facts named Motion^Force, Matter, are understood only 
by our concrete expedience of the things denoted by the names. 
But our crude observations may be rectified by more careful 
comparisons, and may be redi^ed under precise general state- 
ments. Moreover, as in Mathdb itics, wdJmay select the 
aspect mfost suitable as a point of aeparture for our deductive 
reasonings. ^ 

DefmiUon of Moiion.^O^^ihG fact of motion no knowledge 
can be imparted ; there is nothing simpler to express it by : 

‘ change of plaOfe * Is not more intelligible thqp * motion.* , We 
must assume that each one understands ipotioti both generically, 
and in its degrees (capable of numerical statement) ; ’and also 
in such simpler modes as straight eh divergent. The rqore 
complex movements are then definable. Velocity means degree* 
of motion. JThe only thiug’neediig to be expressed formally 
is the measure of Motion or Velocity with reference to Space 
and to Time ; thqle last-named elements being presupposed^atl 
themselves intelligible. « 

Matter, Force, Inertia, These are three namel^for substan- 
tially the same^fact. At -the bottom, there is but one experi- 
ence, althougfi varied* in the circumstances, namely, the 
experience bf putting forth musculan energy in causing or in 
resisting fhovement. ,*To thik experience we give the pames 
Force and Matfer. which afe not two things buf^ One thing } 

15 
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of which Inertia is merely another expression. It is pare 
tautology to define one ot»these terms by the others ; matter is 
nothing except as giving the experience called also force ; force 
is only revealed hj matter moving, or obstructing movement. 

Matter, how^ever, affects us iu other vv'ays tfian by the m.us- 
culai: feeling of resistaiwe or of expended energy. It is always 
extended, and in most cases risible, and also tangible. Are 
we not, then, to include these fftcts in the definition ? No, 
and for these reasons: — (1) Extension is not confined to 
matter ; It belongs also to empty space ; therefore, though a 
predicate of all matter, extension is not the exclusive charac- 
teristic of matter. (2) Visibility and Tangibility belong to 
many kinds of iliatter, but not to all mfijtter; hence, these 
properties cannot be the defining characters of matter in 
general, or^f all matter ; they are to be reserved as properties 
of the kinds of matter wherein they.occur ; soliSs and liquids, 
for example. . Accordingly, the only fact occurring in ^11 
matter is the fact expressed by resistance, force, or inertia ; 
all which aie names for a single phenomenon. This phedomo- 
non, when /uTly examinod, and generalized to the utmost, has 
two„different aspects, which we may separate in expression, but 
' cannot separate in nature ; the one is thh' resistance to move- 
ment by bodies, whether at rest or in motion, and the other, 
the imparting of^movement or pjiomentum by being in motion. 
The first aspects df resistance is the more popular meaning of 
inertia ; the second aspect, the imparting of movement, is the 
popular^view of force ; but in the scientific consideration of 
the sntject, these are but one propi^rty. 

The definition of Matter and of Inertia, or Inert substance, 
is, therefore, but pne. It genefalizes our fa^nifiar experiences 
of resisting motion ajid of communicating motion, which 
always, concur in the same thing. Fully expressed, it amounts 
to the statement given in the First Law of Motion. We are 
^entitled to lay down as the fundamental or defining attribute 
of matter, jin whose absence, jnattert is not, that if once at rest 
it remains at rest, and if onch in motion, & continues moving 
in a straight line. To pat it from rel^t to motion, moving 
power must be employed ; to arr^t its course, matter, either 
in mocion oir at rest, must be opposed to it. All 'this is 
involved in the very meaning of matter, Wi cannot divide 
these 'expressions, and assign one as the denning mark of 
matter, and the other as a predicate distinct from^'the de^ni- 
(ion. , No one has ever succeeded constitatihg a bbal 
proposition (Ont of these properties. The appearance of a real 
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proposition conld be given onljbjs ^suming as the meaning of« 
matter the imperfect ijiew enter fcainec^ by the 'unenlightened 
mind (which, owiifg to adverse appearances and* imperfect 
knowledge, •does not JullJ’ ]jecognize the persistence of*nfoving 
matter), and giving the pi*edicate ihe scientifically recti- 
fied genefalizatbn of nfatter ; but wh^ this generalization is 

• attained, it is ^^nolly *embodiedTin the definition of matter ; it. 

• ciyinot furnish one jact as *a defining property and reserve 

another as ft predicate. There is a defii^ition of Inertia ; there 
is no law, , 

Thus, then, the persistence ifi a state of rest ov in a state of 
uniform rectilineal motion, is the m€?aning of Inertia, and of 
Matter in general ; in which meaning^ there’is an unavoidable 
implication of active resistanpe, and active communication oft 
motion. The^ifficulty is to find an expression to oomprehend 
all these aspects of one ii»divisible property. Matter at rest 
operates at one time in dead resistance, at another time in 
using up force by itsblf passing into motion ; matter in motion 
may resist movement, or it may generate *mpvbmenti,; ljut, 
these are not a plurality o^ properties*; we cannot suppose pne^ 
of*them separated fjom the others. The definition employs 
plurality of phrases in order to encompass a unity. • 

Matter and Inertia being thus defined by one stroke, Force 
is merely another reference to^thg same fact^| Inert Matter in 
motion is the most characteristic expression ot aspect of Force; 
and is adopted as its numerical measure ; but we cannot ex- ' 
elude from the idea the consideration of matter at vest. -In 
measuring force by mo ving» matter, we mean matter tranftferreci 
from rest to motiqn, or from one i^te of motion to a quicker ; 
this is force as generated. Again, the force is manifested in 
the abatement«of the motion, in reduoing bodies to^ the state 
of rest ; this is force as expeifded. , 

As there is but one fact underlying Matter, Inertia, Force, 
so there is but one measure.* A larger quantity of matter, or 
inertia, is tl!e sami^ as a left'ger ^^enditnre of force to chftnge 
the matter from ^sti;o a given pace of motion. The ultimate 
measure is the ^urlan consciousness of expended energy. 
There js a palpaple impropriety in the expression, given as a 
law,-^* The amount of inertia irfereases with the quajftity of 
matter ; ’ the /wo properties stated *are but one fact. 

To sum \up. Each person b^ their own experienol must 
beedme acquainted wi|h the qonorete' examples of matter and 
force. A oomparkon of all varieties of the phenomexmn re- 
veals the presence of a common feature,, at bottbm one and 
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indivisible, byt variously ^mcanifes ted as resistance, as a source 
of movempnt--ras persistence in rest or in uniform rectilineal 
movement. To tihis many-sided unity, Ve give the names 
Matter; inertia, S^orce, which have. a'coipmon defihition and a 
common estimate. T,he word Matter -is the*Concrete name, 
while Inertia and Force* are the asbtrahtions- for what is com- 
mon to all matter. ^ 

J^asSi Density. — Mass is the quantity matter, measured tin * 
the raod^ already described, namely, by the expenditure re- 
quisite to change the body’s state by a given amount. When 
the Mass is given, and also thd' volume, or bulk, we obtain the 
Density, Volume and Mass rightly precedg Density, in order 
of definition. Messrs 'J’iiomson and Tait make Density pre- 
cede Mass. t 

Momentmn means quantity of motion; its measure is the 
mass multiplied by the velocity.^ The unit quantity of 
motion is some unit of mass, multiplied by a unit of velo- 
city. Mass is usually estimated by vfeight, but this ,is to 
anticipate consideration of gravity, which should be ex- 
, eluded from the elementkry definitions pf motion, matter, and 
^ force. # , ^ 

The defining of the notions following on these — Impact, 
Attraction, llepulsion, Gravity, Cohesion, &c. — presents no 
logical difficultipg. They ^rer all derivative notions, their 
elements being rae above named primary notions coupled with 
those of mathematics ; and they are defined as such, ^though 
concre,^G examples may be given to aid the understanding of 
file rifore difficult abstractions. < ’ 

Thus, Impact is the transfer of force froin one body to 
another by momentary concounse ; the direQtion communicated 
being the directiofi possessed. Attraction is the continued gene- 
ration .of moving force shown ki the mutual approach of two 
bodies ; Repulsion is the "generation of force leading to , the 
%nutual recess of bodies. Qravity is the attraction inherent, 
perfeistent„and unchangeablr-in all matter, being proportioned 
to. the mass, and extending to all distanc^3,\t a uniform rate of 
decrease. 

Axioms of Molar Physic, 

6. ^yhe chief axioms* of the sci^ce are usually statea 
under the title — Laws of Motion. • ' ^ 

• In the statement of these lalws vel^^jal and rerfl proposi^ 
tions are cpnfounded. 
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newton’s laws, of motion; 

Newtdh^s First Law — ‘ Bvery body perseveres in. its Bta’t6 
of rest or of uniform rectilineal* rf otion, unless cotnpelled to 
change that state^ by impressed foroes * — is merely the full 
expansion \)f the definition of matter, inertia, or body. , It no 
doubt expresses more than the vague unscientific* notion of 
matter, ^ but ?lb mofe than is abs^utely ii\separable from 
matter. It ism Verbal and nqt a reafproposition — a de§nition 
disguised as a proposition. • ‘ Body * means what jN'ewtbn pre- 
dicates of ,it ; withdraw from ‘ body * all that the law affirms 
and implies, and there would be nothing left. If % body did 
not persevere in its state of r§st or motion, until disturbed by 
another force, it would not possess the most elementary con-* 
ception that we #jan form of body, the property of resisttince.' 
Of the various modes of exhausting the ‘‘aspects of body, 
matter, inertia, force, it may bo doubted whether Newton’s iff 
the most fellfjitous. At all events, the attempt wbuld succeed 
better, if the statement Vere in the only legitimate guise — a 
Definition. ^ 

• Newton’s Second Law’is — ‘ Change of Motion ifj proportional 
to the impressed force, and takes pli^e in the4trection'ofihat 
fgree.' This law as 3 umes the fact of the coranlunicationa ot 
transfer of motion, and* affirms, although not in the’ best 
manner, the quantitative equivalence of the motioi? given 
with that received. 

• The Third Law is — ‘To^v'vy action t||iere is always an 
equal <And contrary re-action ; or the mutual actions of any 
two bodies are always equal and oppositely directed.’ More* 
shortly expressed thus — ‘Action and Reaction are ^uaha^d 
contrary.’ Objections hhve often been taken to thc^ word 
‘ Re-action’ irj this law. The menning put upon it by Newton 
is gathered from«*his own illastrations. fllis examples are of 
two classes. * The first puts ^the case bf impact, as in pressing 
a body, or in drawing it by some splid medium as a cord or a 
rod. There is, to say the least, great awkwardness in repre- 
senting the communication of force by impact, in these t^rms : 
— ‘ when we pus^ a stone with 'the hand, the hadd is pushed, 
back by the s^e*force as the stone is moved forward / pr 
‘ a horse towini^ boat is dragged backwards by the same force 
as the boat is dragged fo? wards.’ The more ?»atural,expre8-. 
sion is that yhen one moving body gives motion to» another, 
it loses exactly the enprgy that it communicates ; oij„that* on 
the re-diatributiou of force or, moving power nothing is lost. 
Now, if there be an real affirmation in the Second Law, it is 
this and nothing elSe. 
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The other class of examples gi\^en by Newton cofeiprises a 
‘distinct case, and the onl/ c&se that gives the appearance of 
propriety to the word ‘ re-action.’ It i^the communication of 
moveipent by distiKct attraction (or* repulsion). ; When one 
body attracts a second, the second ‘squaWy attracts the first ; 
the attractions are mutual and eqnal ; the morfi'enta produced 
are exactly the same in each. ^This is a fact 'of great imffort- 
ance iil nature and deserves to be singled out y indeed, it is 
the enly case of communicated momentum where t^e result h 
unaffected by disturbances that interfere with exact calcula- 
tions. •' ^ 

Now this i^to be regarded as a separate induction. It is 
fully* consistent with the principle of the conservation of 
energy^, under Fe-distribution, as represented by impact, 
*and has some inherent probability in its favour, but still 
requires the® confirmation of experience. Ingenious reasons 
might be given, why no other result ’should arise, but there is 
no infallible deductive cogency in applying the Law of Conser- 
vation, founded op impact, to the e(5(uality of mutual att.*ac . 
tionfl. f * ^ 

« Searching* thus through the thrfie Laws of Motion, \^e 
encounter only one principle — the principle of Conservation 
of Force under re-distribution. The second law has no mean- 
ing but this. That ‘ change of motion is proportional to the 
impressed force * pith difficuVty Escapes from being a verbal' 
proposition, for there is no other measure of force but ‘ change 
of motion,’ imparted, or impartible movement. The assertion 
wpuld jmVe no reality but for the circumstance that a moving 
body Encounters another body and ’changes the state of that 
other body — urging it to move or arresting its movement. 
This is a suppositio^i not made ifi the bare definition of force ; 
and, therefore, we do something ^more than repeat' the defini- 
tion, whbn we affirm that ^the force imparted to the second 
bgdy’is l^st to the first. Now, this is all that, the Third L^w 
conmns j only that law brings into^ prominence tj[ie distinct 
tease of force^’ arising by attraction or repulalon at a distance. 
Discarding, therefore, the present First Ljw,p being but the 
definition of Inertia, we may condense the second and third 
into a jingle statement declaring the Conservation motive 
Energy, ‘ under re-distribution, whether by ii\ipact, or by 
attractiqp or repulsion. This is the oius axiom of the Science ; 
its foundations are inductive^ It is a partial statement, 
applicable to molar forces, of the all-com]^rehending kw of tlSe 
Conservation of Force. Indeed, in the ’limitation to molar 
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force, the f)rincip^e is not stictly true*; it is true with regard, 
to attractions and repulsions, and| hence in A-strohomy no 
error is coniniitte*d in applying it; it is not trne of impjicts ; 
there is always forde lost in a mechanical collision, or in the 
transfer* by Ynachinery ; tl^p lost mechanical Energy rfe-appear- 
ing as moleculm* vibration or heat. m • , 

N«wtd!i’s secjpad laW has been conlidered as a way of pro- 
' viding for the^ case df the ^oiSmunication of movement to a 
' body alrea(^ moving^in some other direction. A force in^jpel- 
ling in any direction will accomplish, its full effect in ths^ 
^direction, even although the body should be already in motion 
in some different direction ; * as when a ship sailing in a ' 
westerly current is propelled by a Aorth ^ind. This is the • 
foundation of the law of composition pf Moticm and Force, but 
it is still only an application of the principle of Oonsefvation* 
of Energy under re-distribution. Direction as weM as amount 
are included in the prirt3iple ; a body moving in a certain 
direction and imparting motion, imparts it in its own direc- 
tion^ and in no othdi*. Before affirming the Law of Conser- 
vation in its full generality, we are bound to \prify it fpr this 
case as well as for iputaal attraction ; it has been verified,# 
^Ifd is affirmed accq^dingly. 

The so-called ‘ Principle of Virtual Velocities * is a hypo-* 
thetical expression of the Law of Conservation suited to various 
mechanical applications, suidi ^ the dei^^onstration of the 
mechanic powers. We cannot prove the* statical proposi- 
tion of the lever, without supposing it to move. Dynamically* 
the law of the mechanical powers is the only one ®cm8istent 
with tlfe Conservation of •Force ; and the dynamical ^»oof is 
given as the statical by the suppoiiition of a very small motion. 

7. The second* great Indi/ction of. Molar Physics is the 
Law of Gravity. ^ 

The Law of Gravity associates the two distinct properties — 
Inertia and Gravity, and declares the one to be proportiond& 
to the othef, throjighout '’all v^ifeties of matter. •The Law is 
sufficiently expressed thus : — Every portion of matter attracts 
every other porJfion,^the attraction in each being in proportion 
to th% mass (o£ inertia), %.nd inversely as the^qnar<^ of the 
disfhnce. i * . ♦ 

This Law l/as been frequently referred to, in previous parts 
of this work, as the one unequivocal case of two co-extensive 
ptopertieg, con8tituti|^g a pijopositidn fully reciprocating, and 
convertible by simple conversion 
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Our unit of force (so much inorta acting through so much 
space) is thus, the unit o^ weight, say a pound, moved against 
gravity through the unit of space, say* a foot. 

r X'oncatevfltion and Method Molar Physics. 

8. The, branches Molar Physics folldw a peductive 
arrangement. The Abstract jlepartmepts purely deduc- 
tive the Concrete unite Deduction with •Experimental , 
determinations. 

The great division into Statics and Dynamics — Equilibrium 
and Movement — exhausts the Ubstract portion of the subject. 
These are thoroughly mathematical in their structure ; the 
propositions and 'demonstrations are worked out according to 
Georaatry, Algebra, or the higher Calculus, respectively. A 
preliminary mathematical department is constituted, which 
has been termed ‘Kinematics,* containing propositions that 
assume only the fact of Motion, together with mathematical 
elements. The Composition and Resolution of Motions, unde.r 
every possible^ variety of complication, are mathematically do- 
vefoped und^r this bran6h ; it being al^o applicable to Optics. 
The. theorems are then found to be transferable to Statical and 
to Dyjiamical Problems, which regard Motion as the result 
and the essential fact of Force, whose full expression includes 
as factors the V^city and !^as€^ 

The Concrete branches are : — I. The Mechanic Powders, and 
Machinery generally (fluid action not included). Here there 
is ©n application of the deductive laws, but these have to be 
rfiodiged by the molecular structure^ of bodies ; and th6 modifi- 
cations are ascertained expprimentally. Thp laws of friction, 
of stress and strai^i, of molecukir transfer iiji impacts, &c., are 
the subject of experiment almost exclusively . •.Where deduc- 
tion is, applied, it must be subniitted at every step to experi- 
mental confirmation. 

. « II. Hydrostatics and Hydro-Dynq^mics^ or abstract Statics and 
Dynamics ^^pplied to Liquids^ ^ Thefe is hes^ also 'che employ- 
ment of experiment to find out the modifications of dynamical 
l&ws due to the molecular structure of'iiqt^ds. There is a 
farther use o^ experiment, in aid^ef the deductive process 
itself, (^hich is apt to be foilbd by the compli(^tions of fluid 
mobility, . \ 

m.^'^Aerostatics and Pneumatuis comprise the tr^jatment of 
gaseous bodies, to which the foregoing remarks also,apply. < 

• IV. treats of vibrations of the •air and other bodies, 
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constituting the agency of Sorfnd. Here we have the transition ' 
from the molar to the molecular ; l)ut the mode of dealing 
with the phenomenon '(through the silhilitude of pendulous 
and wav« nCotions) has «lose alliances witl^ the preceding 
molar branches.^. In this department, however, experiment 
predominates over deduction. 

. Y. Astronomy^ might be takan eitner nrst or last among 
jbhe Concrete Branches. It departs the least from abstract 
Statics and Dynamics**; which is owing to the purity of Mie 
gravitating force ; there being no friotioh and, in the t 3 elestiar 
region, no resistance. It is dedtictive throughout ; yet, O'^ing 
to the great mathematical difBiculties, .the deductions must be 
checked by continual observation ; while to ©bservation alone 
we owe the knowledge of the co-effioiehts or constants. • 

In Astrononay, there are virions problems that ^raw upon 
the other concrete branches of molar physics, and even upon 
niQlecular physics ; so that the position of priority among the 
concrete branches has to b§ qualified. The tides, the pliysical 
cOnstikition of the sun and the planets, the theory ®f solar and 
planetary heat and light — ^re examplee of thesd^tar-bran^hihg 
postions of the subject. * ^ 

MOLECULAR PHYSICS. 

• 9. In Molecular Physics, ftie phenomencM have reference 
to the action of the component molecules or matter. 

The chief subjects are — 

Molecular Attraetiom — OoJiemn, 

Heaty 
I/iy Ktf 41 
JSJlectrhiiy, 

• The primary assumption, axiom, or induction of Molecular 
Physics is to the effect that the massbs of matter are composed 
of small particles, atoms, or /nolecules, attracting or repelling* 
each other ifi vario;Jis raodds, andf)ossessing intestine motions. 
This is a real prcmosition respecting matter, and not a more 
repetition of its property — Inertia. It is pre-emi- 
nently Jiypothetwal in its eharaoter ; that is, the,, evidence for 
it is bnly the smtability to expresS the phenomena opei^*lo the 
senses ; as, foi/ example, the solid, liquid, and gaseous forme 
of bodies, J>he heat or temperature of bodies, Inminoiis and 
electrical ejfects. . 
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Notiom^pfi Molecular Physics, 

Molecvle^ Atom,— It is known as SI f^ict that every kind of 
matter is mad^. *ap of very minut§> portions, cctlled. atoms or 
molecules; the limit of minutefiess being ^hitherto unascer- 
tained. By supposift|f attractions ai^d repulsions between the 
atoms, we can represent the varieties of solid, liquid, and gas, 
as well as the imponderable forces — heat, &c. 'The phenomena, 
hSwever, require that there should 'be different orderfe of 
' atoms or molecules;’ the ultimate atoms being grouped into,^ 
coniiplex atoms, and those ag^in, perhaps, into still higher com- 
pounds. T^us, the Cohesion atom, the Heat atom, the Chemical 
atoms, the Solution or Diffusion atom, aro all hypothetically 
distinct, the assumptions being varied to suit the appearances. 
The definition of the atom or 'molecule,* therefore, is hypo- 
thetical and fluctuating ; the only (jpnstant assumption is a very 
minute element gifted with attractions and repulsions, by which 
is brought about the aggregation into masses. 

Molecular Attractions — Properties op Matter. •’Nume- 
rbu^ importa'ht notion sei arise out 0 / this departraent of Physics, 
which discusses the various modes of ’ aggregation of mat^al 
masses, and their causes, real or Gypothbtical. 

8olid^ TAquidt Oas . — These names for the three states of 
matter, have already occurred, ^jinder Molar Physics, and must 
there have beeilUefined up^o a certain point. The exhaustive 
*■ definition of the various forms of solidity falls under Molecular 
Physic^. I shall indicate, for ulterior ends, what seems the 
*besti«arrangement or succession of the properties of Solids. 

Crystal . — Antithesis of amorjphous. The crystal is not difficult 
to ^define. The ^common ^fact is a regular' and constant geo* , 
metric form as 'determined by the angles of^ the faces or 
bonndaty planes. A substance, for example, always found in 
cubes, or with right-angled solid angles, is a crystal ; a sub- 
« stance that has no regular or constant form is amorphous; 
BUfch is a pnder. Subsidiary to tlx^ main ffiea, are the notions 
—/ace, oajJe, nucleus, cleavage,' froLcture — ana the several systems 

* Although the adjective * molecular* is use^in the broad contrast with 
the molar, wti/le the substantive * moletule’ also co^orms to thp usage, a 
more Specific meaning has lately been attached to ti^ molei!ule,€n con- 
tradistinction to the ‘ atom.* , An atom is supposed to pe chemically indi- 
visible; a molecule is the smallest combinatibn believed-io exist separately. 
There is a hydrogen atom represented by H ; hut the hydrogen moUctile 
is H H, or Ha. The mofecule of ^'hosphorus and of Arsenic io<each 
compesed of /r.f/r atoms. All this belongs the hypothetical part of 
Chemical €(^mbination. 
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of crystals-^^Tesseral, Tetragonal, ifec. ; also Isomorphism, 
Dimorphism, Allotrqpy. *1 . * ' 

Hardf Elastic^ Ten^ciiMs, Ductile^ MMeahle, • These are 
names for.a seft’ies of impoi^ant attributes of« solid bodies^ to 
whicl^ there is a corresponding series of contras1;ing properties 
— soft or flexible, -^lelastiA brittle^ inflexib^ indiictile on unmaU 
leable. * They are Onbstly distinct properties, although to sopie 
ejtent related. They are all strictly definable, and measurable 
in fflftoant or (^gree by given tests. Hardness is the resistanc® 
to change of form, as by scratching or dinting ; Elasticity is 
the rebound from compression, tenacity is opposed to being 
pulled asunder. Ductility is tenacity^ under the •process of 
being drawn out inti> wire ; if the hammer is employed, the 
substance is called Malleable. • ' 

Viscosity is a softness approaching to liquidity. ‘ All bodies 
capable of having their form indefinitely altered, and Resisting 
the change with a force proportioned to the alteration, are 
called Viscous Bodies.*^(J. Clerk Maxwell). 

Qoliesfwn (Homogeneous attraction). Definable as the mutual 
attraction of particles of the same substance, as won, fl^int^ or 
ice. ^The ci'ystalline structure, hardness, and other qtfalities in 
the previous enumerntion, ^ay be expressed as difierefit 
degrees and modes of cohesive energy. Cohesion is therefore 
the hypothetical summary of the properties just named ; and 
its Inodes are to be acoommoaate(> to represent these with 
accuracy. • A crystal must have one mode of cohesion, a 
lump of clay, a difierent mode. The limits of cohesion are 
small ; twj3 pieces of plate ^lass will adhere strongly^ If in 
close contact, but will not attract one another througll a 
sensible distance# • ♦ 

Adhesion (Heterogeneous attraction). A w/de-ranging pKe- 
nomenon. It 'is* defined — the attraction of particles, of one 
substance for particles of a difierent substance, as when 'glue 
siick8*to wood, mortar to stone, water to wood, &c. Cemenfs, 
Capillary actiqn. Solution, Absorption of Gases, Alloys — j^ll 
suppose this mode oT action. To^express the fullMetails — 
which substances attrjjbt which, and with what degrees of 
force — requires a jfreat many propositional statements, most 
convemently giv^in the mineral ^r the chemical ^escri||tion 
of eacn substan^. Under the present head, the general 
results should be presented.* * t* 

Di^usion^ •Omo^e.-r-These are properties extending beyond 
what is implied j.n solution, aiid’ even anticipating Chemical 
processes. Still, they are the immediate sequel to the priced* 
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iug group of phenomena. Their definition generaliza- 
tion of the, phenomeiisf^ hroncyht to liffht bv the researches of 
Grrahaiji. , 

Crystalloid^ Colloid, Dialysis . — By extending J^he application 
o( 0km ose, Graham arrived a/t a distinction among bodies, 
expressed by the {antithesis — Crystalloid and Colloid, whose 
digfinition is in the liighesj degree p^'eghnSnt with important 
attributes. (1) The colloid state is a mode Of the anti-orj^st^l- 
Jine or amorphous modification of ma'Jter. (2) The colloias are 
inert chemically, they are not powerful as acids or bases. 
la their own form, they h^ve peculiar powers ; as soft Itod 
semi-liquitl they allow other substances to diffuse in them. 
(4) Still moroo important is theii* instahUity, their readiness to 
pass into change, aifcd gradually to sink down towards the® 
deadness and fixity of the crystal ; during which process they 
are sources of molecular power. These two last peculiarities 
fit them to play a part in living structures, into which they 
enter largely as constituents (albumen^ fibrine, starch, &c., are 
colloids).. (5) Colloids, while permeable by bodiel of* the- 
crystftlloi4 ^olass, as ^^ilt and sugar, are impermeable to each 
-other ; U most important law, on which Graham has founded 
his method of Dialysis, and whibh is the explanation of many 
inheresting phenomena. 

Effusion, Diffusion, and Tramjpiration (of gases). — These are 
the phenomenj vparallel tcf the loregoing as manifested in gases ; 
they have a modified definition accordingly. *' 

Such is an orderly statement of the great leading notions of 
^hq,*Ifiitial branch of Molecular Physics. They all demand 
stHct definition, and a separation of defining properties from 
predicated properties, afcjcording to the^hest logical method. 
Descending intt the very depths of molecular ^.ction, they un- 
avoidably anticipate other pacts of molecular physics, and even 
of Chemistry ; but this is not avoidable by any arrangement. 
The priority of position is justified by the circumstance that 
(Johesive Force is the i^g^lierikble att^bute of all kinds of 
matter, find is the counter-^force to the great total of Energy 
sexpressed by the Correlated Forces- Heat; &c. Matter is what 
we find it, on the one hand, through th\(^ opposing play of 
internal cc^esions, and on the other hand thtpugh the r^ulsion 
derived from the transfefrable energy of th& universe. It is 
as »Peat, Electricity, and Chemical Force, that this energy 
ab extra counter- works internal cohesion ; just as, iu the 
capacity of mechanical energy, it c6un ter- works Gravity on 
the^great scale of molar movements. 
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Heat. — Tfie next department in order is the primary and 
the typical form o£ molecular ener^^^ in the great circle of 
Conserved or Persistent l^orces. The leading notio ®. — Heat 
itself is the oifly one attended with logical difficulties of dpfi- 
nitio®. Properly speaking it is an ultimate, ^ndefinaBle, in- 
communicafcle norion, an^J its essential cj^racter Is su>bjective. 
Each o^ us must lfh*refej!red to ou^ own sensations of heat jyid 
(ipld‘ in their different degrees, which sensations are uniTiue 
ancTnot to boiConfoundtJd with any others. Nor is there any 

\perplexity in generalizing the particulars, with a view to a 
c(5mprehensive definition, as ther^ is with matter and inertia ; 
he that has one or a few experiences of ^change of t&mperature 
knows all. i » 

• The physical or objective counterparts»of this finmistakeable 
subjective experience are numerous and various, and belong to 
strictly physical investigation. The most obviou# are the 
increase of bulk by warmtti, and the so called destruction, 
(more properly re- construction) of material masses. A great 

• and pi^stracted effort of generalization has b^n requisite to 
encompass all the manifestations of this physios^ CorfSlate of 
a fy^iliar feeling, and *to embrace the whole in a* unity of 
expression. Even at* the present moment, the generalizSd 
unity rests upon a hypothetical assumption, true in the iTiain 
fact, but uncertain in the shapijjg, and as yet imperfectly adap- 
ted to the multiplicity of the thermal pheufmena. Heat, 
physically, is a mode of molecular motion, exchanging at a 
definite rate with mechanical movement, as well as with the 
other molecular modes termed Electricity and Chemica? fqrcS. , 
If we define Heat by its subjective phase, the great phy^cal 

• generalization is^ a^redicate of coilcomitance, constituting a 

real proposition, ll we use thfe subjective Jfact merely aS a 
clqe to the objective, and insist^ on making the definition ob- 
jective, this property is then the definjag property, froiii“1yhich 
woul^ flow innumerable deductive attributes {propria ) ; while 
there would be proposition^ ^ithy propria or concomitants) 
affirming the relatidnships of heat to other forces, aifd also the 
material collocations Jbr arrangements connected with tbe , 
transmutation, / ^ 

The Motions i^^lved in the various phenomena df Heat, give 
the heads of the science ; they are all definable by generaliza- 
tion, and their ffiucidatioh needs abundant reference to f^qts in’ 
the jsonoretS : — Conduction, Oon\sectio.n, Radiation, Reflexion, 
Absorption? DiatberrruiDy, Refraction, Specific Heat, Latent 
Heat, Melljing, Ereezijig, Evaporation, Condensation, Ebulli- 
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tion, .Boiling Point, Distillation, Tension of "?'kponr, Dew 
Point, ‘Heat of OombinttiOn, Calorific equivalents. 

Light. — The exact position of this subject in a strictly 
studied arrangement of topics is sq^ewnat dubious^ In some 
important poidts, it has a close alliance to Heat ; its manifesta- 
tion in->a body isSig<lmost always /fi-epenSent oji a certain 
teh^perature. Moreover, an infiqence ^iradiating through 
Bpafce, it has not only great .similarity to iieat, but also 
»’.ngularly open to mathematical treatment. f?till> beihg as 
yet imperfectly understood in its reciprocation with the cor^ 
rekited forces, it does not stqnd to heat on the same footing-as 
electrical &nd chemical force. But for the close and easy 
transition from Electricity to Chemistry^ we might put Light 
at the end df Molecular Physics. Or, as having abstruse, 
chemical relationships, it might succeed to Chemistry. Thus, 
the posifeon actually accorded is owing to a seeming prepon- 
derance in favour of one oat of seVeral alternatives. 

Light, like heat, must have a subjective definition to start 
with ; and, in this view, it has the same freedom from ambi-, 
guily, ' ' But-as Sight is a highly objective sense, we can incor- 
porate with the subjective property •‘the objective partiqplars 
—radiation and transmission in fepace-*- which are revealed at 
once to the luminous sensibility. 

We may give the definition thus : — Light expresses a dis- 
tinct state of iqpiad known ^enly to individual self-consciousness, 
to which state is added the objective experience of an emana- 
tion from a material body to the eye, whereby we become 
cogvllsant of the characteristic properties of matjier named 
visible. 

The subsidiary notions^are the main topiest-of the science : — , 
Transparent, opaque, translucent, shadowy Incidence, Befrac- 
tion, Ixdex of Refraction, Lens, Image, Reflexion, Mirror, 
Caustic, Focus, Oolou^,^ Spectrum, Complementary Colours, 
Dfepersion, Chromatic Aberration, Diffractiqn, Raihbow, 
Double Refraction, Polarization* Interference, Undulatory 
‘Theory. ^ 

So far as these topics are concern^, the science of optics 
depends upon no extraneous soui*ee beyondv Mathematics, and 
might haYd' precedence of uall the other sunsets of itiosJecular 
physics. The connexion of light y^iih Heat, , with Electricity, 
and •fwith Chemistry, would then -fall undCr these several 
departments. . »> ** ^ 

Eleotricitt. — A s the denotation of Slectrioity takes in— 

Magnetism Yoltaic Eleotrudty Magneto^Rlectricity ^ 

* Friction [illectrioity Electro-Magnetism Thermo-Electricity— 
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it is no easy matter to find an Qx|ct connotation .fbr the 
general name. Tv^o properties may put forward : (1) 
Polarity, and (2) Onrrent action. As regards the firsts 
Polarity, there is uniform '•agreement in all ihe modes*; • tind, 
moreover, the polpr attrijDnte is promine^ and pervading, and 
imparts a dtestinctive chittractcr to all tSre phenomena. Still, 
in carrying out Jbne ideli, we are'fmet by the ambiguous jfhe- 
*]feiK^uon, named by P^raday,* Diamagnetism, a force mani- 
fested by th'6 magnet upon heavy glasg and certain other 
substances, but without polarity, being equal repulsion by bpth 
poles. This phenomenon, howe\Or, must be held in suspense 
in the meantime, and not allowed to iwterfere with the defini- 
tion on so vital a point. * 

The second characteristic of the Electric Forces, is Aieir 
being carried tetany distance, through solid conductors, so as 
to discharge themselves at any point. In ordinary chemical 
action, as in the double decomposition of two salts, the. sub-' 
stance^ must be in cor/tact ^ but by an electrical arrangement, 

* the oxidation of zinc in one vessel, may lead £b Jhe d^oippq- 
sition of water in another. » This impoHant point of commu- 
nity%iakes a strong alljance, although with differences, between 
the electric forces. , 

These two leading features, coupled with subjection to the 
great Law of Conservation, are f^ll that cap be at present 
brought under the connotation of Electricity ad a whole. The 
different branches have each their special definition, attainable 
by the same generalizing process. Definitions are also io be 
provided for the subsidiary •notions — Magnetic Poles, M<dri- ' 
dian. Declination^ Ipclination ; Electrics, Non-Electrics, Gon- 
•duction. Insulation,! Circuit, Iwiuction, Charge, Discharge, 

Electrical tension ; *Electroljsis, Electrodes. ' 

• 

Propositions of Moleculdr Physics. 

Axiom of Conservation of Force . — At the threshold of mole- 
cular phyBics,*there must be* provided a statement of^ the Law 
of Conservation, in, allots compass, or as embracing alike the 
molar and the molecular forces. Although the law cannot 
be fullv eompreh^ided at this sta^, yet some attempt sly^uld 
be made to exemplify its workings as Heat, as Electricity, and 
as*ChemicaI forcilb, and alsq'to point odt the mutual convef^ion 
of all the modes — molecular and ^lolar. The law is the pre- 
sidii% axiom of moleoi^lar Physios, and of Chemistry, and 
through them reaches the domain of Physiology. It is e^ery- 
•where the sufficing explanation of the origin of Porc<| ; leaving s 
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to be investigated, the g^rrangements, situations, or circum- 
stances, atfending on tne manifestation of force in each par- 
ticular 6ase. * 

Otkox jprcypositions of Molecular PJlysics, — The various notions 
or defining ^propert^s being clearly, characterized, we may 
readily ascertain wE.-t class of prodicates usually go with 
thciha so as to constitute the real propositions of the science. 
Thus, with reference to the first" department — Molecular Ath/ifr 
tions, or the Properties of Matter, from which are excluded 
whatever comes under Heat, Electricity, and Chemistry — the 
atom or m(j*lecule being defined, we have, as real propositions, 
the following : ‘ Matter is composed of atoms ;* ‘ the atoms of 
matter attract each other/ This last proposition being one of 
wide generality, there* fall under it many special propositions, 
or modes, of attraction, for difierent kinds of matter ; but, in 
this department, we are perpetnally disposed to palm off 
verbal propositions for real — as in affirming that hard bodies 
have a powerful atomic cohesion. Examples of strictly real 
propositions ^are these : — crystals are hard bodies, thafc is, the 
cohesion . df crystalliiiation is intense in degree ; crystals 
are usually brittle, or the cohesion of crystals is of a Lhort 
range. Again, with regard to Adhesion^ there is an import- 
ant inductive generalization, that bodies of a nearly similar 
nature are those possessing i lutnal adhesion ; thus metels 
adhere in solders and in alloys, earthy bodies, in cements and 
in cohesive mixtures, and so on. Farther, the* Diffusive 
volmgnte of a gas is inversely as the square root of its density. 

These are propositions of co4nhering attributes, verified 
only by wide and exhani^stive agreement^ through the whole 
sphere of the things concern^.d* ^ 

Another largd class of propositions under 4jhe same depart- 
mentincludes the numerical Expressions of the degrees of the 
different attributes. Thtese are the constants of the department, 
and need no farther remark, ^ 

' The propositions of He^J have the reality ai’ising in the 
concomitance of subject an!i object fipcts. Apart from this, 
they may be classified under the folWing heads. The first 
class take-in the deductions from the law of Conservation, 
conifrmed by observation^ &nd induction ;-4:uch are the facts 
of the dilatation of bodies by heat, pf which t fusion and eva* 
poration are special manifestations. ° There is herein comprised 
a wide field of natural phebpqiena ; and many specific state- 
ments are needed to cover the varie% of modes in different 
I substanc^. Another class of propositions affirm, in thefri 
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several mo3es, the great moiecuJar ^r(jperty namecl C/onrf7>ecfiow, 
a property with immerical degrees ; while iinpoVtaiit. laws oi 
dependence or concotnithnce connect this property Vith the 
molecular properties of bodies. Radiation ii#xt demandli to 
be considered, a wi1i}i geometrical asjEipcts and correspond- 
ing p^dicjbtes ; ^his pari^ ot‘ the subject^haviug a considerable 
parallelism to the leadmg facts of Optics. The specihc riSLtes 
radiation of different bodies teiay be numerically ascertained 
and laws enDunced, wSose character is ;^ointly deductive and 
inductive. Absorption is another predicate, and simjJar 
rfemarks apply to it. • 

The exhaustion of the consequences of the Law of Conservn.- 
tion, would require h statement of the mode of. ^deriving lieat 
from Mechanical force (crushing, collision, or friction), 'and 
from the other, molecular forces ; and also the sit^iations or 
arrangements whereby it returns to these again ; the case of 
producing mechanical force having been given under the great * 
fact of Dilatation. * • 

On ihe whole, propositions of heat are (1) Dhrivatives ^rorp 
Conservation ; (2) Constants, or numerical meashTjes of the 
various phenomena for <liffei;ent bodies ; (3) Laws connecting 
manifestations of heat with molecular structure; (4) Laiys of 
situation, or conditions of the transmutation of Heat, to and 
from, the other energies, witfa th^ constant^ expressing the 
rates of equivalence. ' 

The foregoing account may suffice to exemplify the propo- 
sitions of molecular physics, we to proceed to 

we should find a statement of definite phenomena — caMed 
radiation, refraction, reflexion, disperfpon, colour — all expressed 
under numerical *anij geometrical relations. %We should aiso 
find some cases of 4foncomitance of attributed, as Doqjble Be- 
fraction and Polarization, Thd connections of Light-^with 
Heat .and with Chemical Force, being underivable from the 
great Law of Conservation, mpst be given as empirical indue- 
tions of co*inhering attribute, soihe of them of oos^siderable 
generality, as the connigxion of liglat with temperature; others 
narrow and special, as in the chemical relations. 

Electricity has. the advantage of being fully cornelated;ji^ith 
the other forces.'" It involves, howpver, great complexity of 
arrangements, a^ conditions of its manifestation in the various * 
species ; whence the propositions are greatly occupied in stating 
these arrangements or collocatiqps ; mahy of them being hidden 
in the molecular depths*of bodies, and rendered in hypothetical 
language. 


16 
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Predimin^^fiit Methods of Physics* 

10. Pliysics has been seen to be partly Deductive, and 
partly Jnductiyfe. The Inductions principally relate to 
Cause and Effect ; ;while, in Molecniar Physics, there are 
inductions of Co-inhtbring Attributes. -The prhiciples of 
Definition are appealed to, and mote especially for the 
primary notions ; but there is scarcely any openingfi^i 
^ Classili cation. 

As a Deductive Science, Molar Physics is a branch of applied 
Mp-thematics, checked and controlled by the perpetual reference 
to facts. 

Ar an Inductive Sdence, Physics makes an unsurpassed 
display of the machinery and resources of Observation and 
Experiment. It also shows to adjjantage all the Methods of 
Experimental Elimination. The facts being subject to the 
great law of Conservation, the deeper experimental problems 
consist,, in ascertaining the collocations or arrangements for 
transmuting br evo.viyg the different modes of force. The 
researches and discoveries relating to Heat, Electricity, oand 
Light have this character to a very large degree. 

T£e Hypotheses of Physics exemplify all the forms of Hypo- 
thesis formerly laid down. The iphief instances — the Dynamical 
Theory of Heat, 'the Uiidulaiory Theory of Light — have already 
‘ been adduced in expounding the general subject. Another 
hypo|l\esis of inferior weight and character is the two Eleo- 
triogtl Fluids, for representing tbe polar phenomena of Elec- 
tricity. 


CHAPTER IIL 
LOGIC 6^ CHEMIST%,T. 

1. The relationships of Cheiqistry to all the departmente 
of llolecular Physics are intimate and <<sustainedj> The 
special fact of the science is given in the pame Chemical 
Attraction. 

Chemistry deals, with the nmon aod the separation of ele- 
ments ; it regards all the substances of nature as either simples 
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or compounds ; the manner of ^ni^on or oomppsitio’n being 
special to the science. ^ There are unions not chemical ; as 
when bodies are pulrerized and mixed together without farther 
intimacy. There is a stJill^ more intimate anion in soldtiou, 
which, howevei>^also cgmes short of cheinical union. 

2. *(Jhemical’*Altrf|,etion, or.Unioif, involves these ficts : 
^1) The Properties are definite. (2) In the act of union, 
THfere is H^iat evolved. (3) The chief properties of thq 
elements disappear. 

A fourth mark, which may either enter into the definition, 
or be reserved as ,a predicate, is that chernioal union takes 
place between dissimilar substances, while solution or adhesion 
is between similars. If reserved as a predicate, this property 
will be one of the properties forming real propositions, as ex- 
■emplitied in next section. • 

It is not necessary here to exemplify these defining proper^ 
ties. • Jn a work on chomtstry, it would be g^dvisable to ofler 
in advance a few illustrative cases, as^a preparation ^6r enter- 
ing on the systematic detail. • • ' 

This disposes of the leading notion of Chemistry, being the 
essence or connotation of the name, the Definition of the 
Science. A mistake in Logic is made when these properties 
are stated as real proposition^ ; tliey are not^ predicated of « 
subject called Chemical Attraction, they constitute or make uj- 
tliat subject. 

3. Tha Propositions, oy real predications, of Cheifiistr]^ 
relate (1) to the circumstances, (jf conditions of Chemical 
change, (2) to1;h4substances«that undergo the change.* 

(1) Wheh w^have defined the fabt o^ Chemic%l union* 

(trith its correlative and iniplicatpd facts, Decomp9sition» 
Simple Body, Compound Body), we have to state the varibus^ 
circumstances, conditions, ob modifying influences of Chemical 
change. This constitutes numeaefus re^ predicatiohs, of great 
theoretical and practical moment. ’ . 

(2 ) The enumeration of substances that combine together 
chemic^ly, or that bring about chpmical decompcfeitionsf^yields 
a lar^e mass of real propositions, under the general predicate 
of Co-existence, or Co^iiihering attributes. Oxygerv^ com- 
bines with hydrogen, and forms water ; sulphuric acid decom- 
poses chal]^, common ij^lt, <kc» > 

The expressions fot the definite combining numbers are real 
propositions, corresponding to the ‘constants* of Physics. ’ 
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The ’ ijelation of Chemical Force to the other ^Correlated 
Forces may oe re-iteratea alb the commencement of the subject ; 
although; as with the other preliminary statements, the under- 
standing of it Wfili grow with the unfolding of the future details* 

, Arrang&mSi'nJt and Methods y/ GMtiistry, 

4.,. The division of Chemistry is into Inorganic and 
Organic. ^ 

. ‘inorganic Chemistry is laid out under the sjccession of 
the. Simple Bodies. 

The distinction of Inorganic and Organic would exemplify 
definition with a broad doubtful marginj The basis of the 
distipction is 'Ihe circumstance that a large class of highly 
important substances can be obtained only froni living bodies ; 
such are starch, sugar, albumen. This peculiarity of origin is 
associated with two other peculiarities, namely, the limited 
number of elements in organic bodies, and the great complexity 
of the chemical .-Bonstitution. There would be a convenience In 
adopting all the three fiicts as a cojnplex definition of Organic 
bodies, from which, by antithesis or negation, we havOfthe 
definition of the Inorganic. ‘ 

The Chemistry of the Inorganic or Mineral world comes 
first ; and its method of arrangement is to adopt some succes- 
sion of the Sim^7le Bodies,*^ and under them, to distribute the 
' various Compounds. 

u ' Xjlassificat^M of the Simple Bodies or Eleme'd^ts. 

5. The Simple Bodiej^, or Elements, are divided, in the 
first instance, into Metals .and Non-lletals. Although 
there a|’e transition ' elements, as Tellurium and Arsenic, 
the distinction is founded on important diflerences. 

i the Metals have certain prevailing characteristics, but yet 
in a varying degree, and with occaiional pxcopticns. (1) Most 
striking are the visible properties — Opacity, Lustre, and Colour* 
^Metals are opaque; they have thepeculiardustre termed metallic; 
and their colour is white or grey,, with the exceptions— Gold,. 
Copptr, and^Titanium ? whfch are yellow. (^) They are soZid, 
Mercdry and Hydrogen beiirg notable exceptions. The solidity 
is usually joined with compactness 6f structure, as shown in 
the properties — hardness and tenacity. (3) They are oom- 
paratively good conductors of i?eaZ. (H) They are* conductors 
of Electricity, (5) They are Electro’positive, (6) .They coin- 
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bine chemically with the JNon-Met®,l.‘j. (/j Then; compounds 
with Oxygen are for th^ most part Bas^^ and not Acids. 

The question is ndt here raised how far some of fhese pro- 
perties are iiaplicated jn otijers. Since the implication* ib not 
obvious, the properties lare provisionallyf given a« distinct. A 
more^mportant 5’emarkJ from the logiifel point of view, is the 
occurrence of exceptions to almost all the properties. H the 
^«iplex defining of nf\tural objects, we must be prepared /or 
this circumstance, which does not render, the classification vaiii 
• or nugatory. Although mercury is a liquid we neither, sur- 
render the property of solidity, *Qor exclude it fr«m the class. 
Solidity is wanting only in two ; aftd mercury has all the 
other six properties. This is probably one of the cases where 
Whewell would desiderate a, type^ or average represen fative 
specimen, some metal possessing in fair measure all the 
prevailing characters. ♦ 

The Non-Metals are defined by the antithesis of the above 
gfoup^of properties. * As i^gards Light they are not uniformly 
opaque, and when opaque, they are, except s^€;^ium,^w8jptipg 
in lustre. There is only ^)ne Gaseous metal, theiie are four 
gaseous non-metals. • The^^ are non-conductors of Electricity, 
and Electro-negative. Their compounds with oxygen (one of 
their number) tend to Acids, and not to Bases. 

• Whenever a classification is’ possiible, there, ^ust be common 
properties, and these are possible to be stated. Still, in thft 
usage of Chemical writers, the statement of the generic pro- 
perties of the classes * metal * and * non-metal,’ doesn>ot dis- 
pense wilih the repetition of these in the detail of the species. 
The Natural Hjstory methods, not*being susceptible of exten- 
sive application iif Chemistry; are hardly attended to, dven 
where admissiblST Nevertheless, as tbte situations f^rising in 
tile classification of the Simple Bodies are highly illustrative 
of situations in Botany and in Zoology, we may follow *out 
the present Case a little farther. 

6. Both Metals and Non-Metals are sub-divisible into 
smaller classes ot groups. ’ * 

In the Metals, .there are ftertaiq groups that hefve impprtant 
affinities — such are the Alkali-Metals (Sodium, &Ck\ the 
Alkaline- Earth Metals*. ’(Barium, ’&c.), the Earth-^etalh 
(Aluminium, &c.), .the Noble Mjstols^ (Mercury, Silver, Gold, 
&cT) remarkable for re&sing combination. A group is also indi^ 
cated by the important fact — exceptional to the tendency *of the 
metals as fi whole — namely, forming acids with oxygen. A few. 
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prosentiri" analogies to iron, make an Iron group— Manganese^ 
Cobalt, Nickel, Chromium, Uranium. A" certain amount of 
resemblance suggests the juxta-position of Zinc, Cadmium and 
Magnesium. (Miller’s Chemistry. 1*. 11). 

The expositor) si^ccession adopts, the Ohier of greatest 
resomblances. The succession is necessarily /linear, and leads 
inevitably to the wide remoVal of bodies that agree in some 
important particulars. The idea is sometimes conceived 
circular, or superficial arrangement for bringing together 
resejnbling bodies on two sides ; while, by a diagram of solid j 
dimensions, - each body may oe brought into relationship on 
three sides. Still, the ’“expository order can follow but one 
course, indicaScd by the maximum of resemblance ; and pro- 
visioii has to be made under each body for indicating agree- 
ments between it and bodies in other groups. 

There can scarcely be any doubt as to the propriety of 
placing the substances of strongest chemical affinity at one 
end of the line (Hydrogen, Potassium, &c.), and of weakest 
affinity at the o^hcr end (the noble metals). 

The Non-Metals (13 in number)''contain a few groups, and 
some isolated individuals. The halogen group of Berzelirfs — 
Chlorine, Bromine, Iodine, and Fluorine; and the sulphur group 
— Sulphur, Phosphorus, Selenium, and Tellurium — are classed 
as having consi^prable and imjTortant resemblances. Silicon 
< and Boron have points in common ; and their suffix on was 
given to show some small analogy between them and carbon. 
The ajibstance of most marked isolation is Nitrogen ; while 
Oxygen is pre-eminent by the catholicity of its 'chemical 
affinities. , 

By unanimous consent, Oxygen has precedence. The second 
place is ^ variously assigned. To take up - Hydrogen could 
never have been strongly, Justified, and is now less so than evtjr. 
Foi the single advantage of having Water brought forward at 
an early stage, a leap is taken, to the extreme opposition, 
mailing the last first. Most, is to be said in favdur of Nitro- 
gen, as the second body. Ilemarkable»*for its chemical neu- 
trality, it also gives an opportunity ‘for dwelling on the 
mechanical peculiarities of gaseofis elements; and it, may be 
followed up by the consideration of the Atmosphere — & me- 
chanical admixture of Oxygen and I^itrogen. , 

Except to hurry on to familiar and interesting combinations 
there is no need to bring forward c{»rbon amopg the Vbiy 
first;’ the nearest kindred to oxygen is'found ‘in the halogens 
-•-Chlorine^* <&c. To these might follow Carbon, and perhaps ‘ 
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Boron anS Silicon, while the Sulghur group would close the 
array. Leaving the question open, whether Ctlrljon, Silicon, 
and Boron, ^should #ne*or all precede ‘*or follow tha Sulphur 
group, the rule ol* arran J^ing by the maxinriyn of agretunent 
on the whole Wfjuld bd^best* carried out i^hus : — ^ 

iDxygen, „ Chlcvine, Carl#on, Sulphur, 

Nitrogen,^ Bromine, • Boron, Phosphuris, 

Iodine, * Silicon, Selenium, 

Fluorine, Tellurium. ' 

Since the exposition of Chemistry follows a certain* order ot 
’the Simple Bodies — the Non-M,«tals first, and the petals next — 
some consideration is necessary in order to assign a place^ for 
the Compounds, ^hich far outnumber the •Plements. As it 
would be inconsistent with the very nature of the subj,^ct to 
separate the Compounds fre'm the Simples, seeir^ that the 
chemical characters of va simple body are expressed by its 
forming compounds with other bodies, the Compounds must 
be ii^terpolated in tl^e exposition, and appended to such of the 
Simple Bodies as they are most intimately a>lied with. 

Hence there will always be a choice of positions^; the edm- 
p(ftind ‘water’ may^be attj;f,cbed either to the element oxygen,* 
or to the element hydrogen. 

There is one obvious consideration applicable to this peculiar 
emergency. A compound iJeed^not be brought forward for 
full description till all its elements have b^n stated ; water 
may wait till hydrogen is given ; carbonic acid may follow 
carbon, o::ygen being previously given; the salts, may, be 
appended to the metals that are their bases. Yet this arrange- 
ment is not without its disadvaijtage. The element given 
last may not *be ^jonsidered the most impprtant in regaj’d to 
the characters ;ii<thus hydrogen is tbo completing element of 
80 many important compounds, as, for example, the hydrogen 
acids, that, supposing it placed at’ ’the head of the metals, it 
would be followed by an epormous crowd of compound sub-, 
stances ; miiny of which ^ould vieem more naturally related to 
other elements, as tbp acids to tteir several radicles — nitrogen, 
chlorine, sulphur, <fc6. 

Thq difficulty in this particular instance mey be supposed 
to be got over, by the expedient bf bringing on hydrogen soon 
after oxygen. The operation, however, begins by an act .of 
violent trgbnsposition that may be expected to land us a2i some 
other fix.^ And so it is, Ei^abiing us without loss of principle 
to attach* the* acids o1k> their several radicles — nitric acid to 
nitrogen,* &c., the proposed step compels an abrppt stoppage 
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where there ;is a natural transition, namely from the aoids lo 
the salts. 5n point of fact^ the barrier is always forced at this 
point; the salts are*^roaght in, no c withstanding that the 
metallic bases are still far ahead. Thus, after all, the trans- 
planting of hydrogen from its proper ^allies »p^erely postpones 
an inconsistency for ore moment. , ^ 

On the other hand, it maj^ be maintained "^|hat the propeu 
place of the important hydrogen compounds is after hydrogg^;* 
itsf most characteristic feature being to constitute and com- 
‘plete those compounds. The class ‘h3’^drogen acid* is connoted 
by the presence of hydrogen ; sulphuretted hydrogen and 
sulphuric acld are more in place among hydrogen acids than 
among sulphu^ compounds. This alone would be a strong 
reason for not bringing on hydrogen till the end of the non- 
metals, in which are containedT the other acid constituents. 
If these acids are disposed of first, the interest of hydrogen is 
used up ; except as composing water, everything about it is 
become stale. 

, ^ JJeecriptive CJiardcters of Chmnical Substances, 

7. The description of bodies in Che, mist ry, whether the 
‘ Simple Bodies or Compounds, should coincide with the 
expository order of the properties - physical and chemical. 

In Chemistry, less thah in the Natural History sciences, 
a regular and uniform plan, in the descriptive arrangement, is 
more than an aid to memory ; it is farther an instrument of 
iuve^t^g^btion. The plan adopted in Chemistry, slightly modi- 
fied, Will serve also in Mineralogy. " 

The Chemist professedly exhausts the physical as well as 
the chemical characters of each substance. scheme 

should comprise both groups in the best order of succession-; 
which order, as regards * physical properties, is seen in jthe 
^^xpbsition of Molecular Physics. There are some open points 
*of arrangement, chiefly with i:efer4n':;e to the Cryatalliue form 
and the Optical properties. Apart from these, the succession 
would be Molecular Cohesion, Heat, Electricity. If the 
Ceystallinb form is viewed in the^ first instance as a purely 
geometrical f&ct, it might take precedence of all Physical 
properties. The Optical properties,* stated as such, without 
enimiripg into their connexions with 'molecular structure or 
with chemical arrangements,'' might be given next. The 
priority of these two properties* would*have the expository 
p^dvantage of mentioning first what soonest strikes the senses ; 
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the eye taking the lead in the socntiny of whatever. Is visi- 
ble. • 

To the Cr^stalline^and Optical properties might succeed the 
Specific Gravity. * , ' * % . " 

I^^xt in ordei»*wonl&. be the properties hypothetically re- 
sained as modes ^|f'CoHE&iON : — Hardncis, Tenacity, Sllastioity. 

• There would, then Succeed the properties summed u{) in 
^RiiESiON Solution, IJilfusion, Osmose, Effusion and Traijs- 
piration (of ^ases). 

• , The relations to Heat, are given in the following proper- 
ties : — Rate of Dilatation ; Mdlting and Boiliiig Tempera- 
tures ; Conduction-^ Specific Heat, batent Heat, Radiation, 
Absorption, Refraction, Polarization. ^ 

Relations to Electricity : — Magnetic Property ; Conduction 
or Insulation of Friction Electricity; Conduction ordnsulation 
of Voltaic Electricity ; plade in the Electro-positive to Electro- 
negative series ; place in the Thermo-electric series. 

,Tho.^CHEMiOAL propfcrtie.^are — Chemical Composition (if not 
an Element); the bodies that the substance 'cpmbiue yfith ; 
the circumstances of the Combination^ ; and thC agency pf 
eacti in decompositions. 

Of these characters, two — Adhesion and Chemical Attrac- 
tion — are by their nature correlativo characters ; they involve 
the mutual action of at least t^o SMbstauces. With reference 
to them^, the property of any one body is relative to some , 
second body ; a substance is not universally adhesive, nor 
universally disposed to chemical unions. Hence the a^corait 
of the Adhesive and the Chemical properties is complioilted’ 
and not easy topaanage. There is from this cause, an especial 
difficulty in giving an adequate notion of® the bodies that 
happen to comeTfrst ; indeed it is impossib/e to do justice to 
Okygen, for example, until a^ great^. many more bodies are 
des(M'ibed, namely, the long list that oxygen combines with. 

The propeY* course, in such circumstances, is to avow the*^ 
difficulty, an\i not to expect tho^iJ a learner can receive other 
than an inadequftte or half notion of Oxygen, until he has 
come on to the full description of such bodies, as Carbon, Sul- 
phur^ Hydrogen, .and a few'of the metals. 

Examples of Debcription, 

(1) Lighi , — A gas. Transparent and colourless. Index of 

Refraction. 1.00027. ^ 

(2) Specific Oravily^l.1066 ; the atmosphere being 1. 

(8) AdUesion for other suhstarwes , — Solubility in ;^ater^ from 
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about one {wentietli to one thirtieth of its bulk (.04)114 at 
32° F. ; .02^89 at 59° K). 

(4) Kelations to Heat. — Rate of Efilatation not stated. As 
regardr the tenperatures of Liquefaction and Freezing, has 
never been liquifiedf although condenSed of its bulk. 

Specific treat, about oLe fourth of water (.24 Q5). 

^5) Relations to Electricitij , — Is a nfagnet at common tem- 
peratures. In the Voltaic series, it is at the bead of eleqtrf^ ' 
r negative elements. ^ ^ 

(6) 'Chemical relations. — Speaking generally, it is the most^ 
widely-comJ)ining element in nature. With a doubtful excep- 
tion (fluorine), it combines with every known element ; not 
merely its natural opposites, the metals, but non-metals like- 
wise. Classes of leading importance in chemistry are com- 
pounds of oxygen with the other elements ; the oxides of the 
metals are what are termed bases ; the oxides of the non- 
. metallic elements are generally acids. With Hydrogen, it 
yields water. The act of combining with Carbon, either alone, 
or along wi^h hydrogen, is the most familiar example of 
violent and rapid chemical union, with evolution of heat and 
of light,' and is termed * combustipn.* 

The peculiar circumstances attending the combinations of 
oxygen vary with the character of the second element. Thus, 
in the leadings fact — Heat of combmation — the maximvim 
, evolved is with Hydrogen; Carbon yields one fourth of that 
amount ; Phosphorus, about a sixth ; Sulphur, about a 
fifteeath; Zinc, Iron, Tin, about a twenty-sixth. 

Atomic number, 16. 

As regards the conditions of entering into combination, 
there is great mriety, from the extremeuof Ireadiness at the 
ordinary temperature of the atmosphere,* 'i**! the extreme of 
indifference, conquered only"* by the aids to combination, 
namely, artificial condehsation, heat, the electric spark, the 
^ contiguity of chemical action ali^eady begun, &c; Part of the 
peWliari^ is due to the sti^te of 1}xygeii itself f*^which may 
either in the ordinary atmospheric, dilution; or prepared 
apart free from any other gas (whereby all combinations are 
accle^ated) v or, lastly, in combiuation with other bodies as 
in water (a powerful oxidizer); in the nitrates, in chlofate of 
potf^sjb — which salts permit of the liberation of their contained 
oxygen in a highly ooncen^ated form. 

Loced spread of Oxygm . — ileed not J)e here deta;iled. • 
Mbdes of obtaining Oxygen. • . ^ 

\ 1 doubtAhe nronrietv of includinsr, under Ox veren. anv more 
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detailed account of the oxygen compounds. Thwe ave" better 
opportunities afterwardj, under the seve^’al elements that form 
the other members df the compounds, — carbon, hydrogen, the 
metals, &c. * Nor is it jeces^ary to bring forward Combustion, 
of '^hich a sens^ional use is commonly made, in the descrip- 
tion bf oxygen.'i * A diSproportionate prominence is thereby 
given to what ifl, strictly speakftig, incidental only to sonte of 
*Th^ modes of oxidation, and is found in other chemical com- 
binations if ftiey happen to be rapid and epergetic. Combustion. 
• is a special thesis under the general head — Chemical Union, its 
conditions, and circumstances~and is of great# importance 
both theoretically £^d practically, but It need not be appended 
to Oxygen. If involving too much apticipaCiod of details to 
be given in the preparatory .view of Chemical Combirin»tion 
(where, howeVbr, it might be briefly indicated), itf might be 
brought in at some convi?nient point, by way of digression, 
as for example, at the end of Carbon, the chief element in 
ojrdine^ry combustion? '• 

Ozone. — A supposed allotropic form of’Qxygen, ^nder 
which the oxygen is repdeJ^ed more adtive in enteVbig into its ^ 
various combinationfi, » * 

The specific gravity of ozone is greater than of oxygen.. 

Adhesion, — It is not soluble in water, nor in acids or in 
alkalies ; but it is soluble in ibdid® of potassijini. 

Relations to Heat, — Its active character is destroyed by a. 
temperature not much above boiling water. 

Relations to Electricity . — The transmission of a series* of 
electric sparks through dry oxygen is one of the modfis o^t 
producing it. « * *' 

Odour . — It bas a characteristic odour, whence its name.'* 

Ohemical 'privities . — While it does ’not 'combine with any 
substance but those that oxygen copibines with, it combines 
at temperatures, and under circumstances where oxygen does 
not combine. Hence it is a^owerful oxidizing agent — in oxi-* * 
dizing metals, in destroying vegetable and animal oompouAds, 
in bleaching, in pijrif^ing the air from miasmata, in stimulating 
the respiratory organs. 

Mgdts of preparing Ozone*. ^ 

Itemarks on Oaowe.f — It is interesting to note tPe p^wer ot 
electricity to give a new, combining ‘aptitude to oxygei^^ 

^ Taste and Odour may provisionaHy be* given after EUectricity, and 
before Chenlical properti^H They*af e doubtless a oonseq^uence of Chemi- 
cal re-actions. 

i The heading * Remarks’ is intended, among.other usef. to avoid the- \ 
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Nitkogen; — A gas. 

As regaMs Lights transparent, colourless; Kefracting In* 
dex, 1.0G93. ^ 

Specific gravity. — .9713. Atmospliere 1. 
Ad5^esiow.-TWater^]iissolveB about ^ ohirti;?tb of its bulk at 
ordinary temperaturesv^ ' ^ 

Relations to Heat. —Dilatation not stated. Never been 
liquefied. Specific Heat, slightly less than Oxygen, .2368^ # » 
Relations to Electricity, — Next to oxygen in the Electro- 
negative series. , 

Chemical Relations. — Nitrogen enters into a very limited 
number of compounds^ Where it does combine, it is sin- 
gularly inert^. or indisposed to enter int5 combination ; de- 
manding to be placed in the most stimulating conditions. 
Many interesting consequences in vegetable and in animal life 
are traceable to this peculiarity. « 

Compounds with Oxygen, — Recited in so far as illustrating 
Nitrogen. ♦ 

Compounds with Hydrogen, — Ammonia, &c. 

Compounds with Canton, — Cyanides. 

* Spread of Nitrogen. — Modes of ^ obtaining it. Remarks* .* — 
bearipgs upon Chemical theory. 

The next example is a solid element. 

Carbon. — A solid, in twq stafes — crystallized Diamond^ and 
amorphous Grafihite. These occur in such a degree of purity 
that they may be taken as typical of the element. 

<(Dig>yiond). — The Crystallization, Optical Properties, Speoi- 
dc Ci'avity, need not be here recited. 

Oohesion, — The hardest ,body known ; hence at the top of 
the scale of minei:al hardness. , ' 

Adhesion , — A very important circumstantjc.i.?s x^egards other 
forms. of carbon, but not ascertainable in the diamond itself^ 
Relations to Heat, — Is'tiot fused or volatilized by the highest 
^known heat ; is not known to exist either as liquid or as vapour. 
An^ intense heat merely redu%;es it to a bl&ck opaque mass. 

.Relations to Electricity, — A non-con^pctor. Carbon has a 
high relative place in the Electro-negative series (place given). 

Before staging the chemical relations, a similar recita], should 
be gi^en for the other Qraphite„ * 

Ohemioal relations. The range of elements combining with 
carbod comprises — Oxygen, Nitrogen, Hydrogen, Phosphorus, 
Sulphur, and many Metals, espepially Iron’. It does not enter 

confusion and perplexity of introducing apecdlative considerations into 
the methodic^ description. 
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into coralSnation unless at hfgh temperatures, and then com- 
bines with rapidity and copious evolution of heat • 

Compounds with — Carbonic ’Acid, Carbonic Oxide 

(described at' full length) 

With Nitrogm^:r-^CydnogQ\i ; alluded t^. 

Thj^ otbsr coiDppund&»may be postpcgied. 

. Spread and Sources Carbom — Impure Forms. 

Remarks on (5arbon. — Combustion. 

These exrtnples are ‘Sufficient for the purpose of indicatfhg 
, a systematic mode of describing the elenientary bodies^ They 
^ould apply equally to compo’inds. In them, however, *the 
chemical relations involve another cir,cumstance, namely, the 
modes of decomposition. ^ » 

In certain of the elements, the chi'ef practical interest is 
found in impure forms — alloys, or mixtures with^ other in- 
gredients ; for example, Irr>n. Still, it is desirable^ for theo- 
retical completeness and consistency, to advert, in the first 
instance, to a pure op typical form, in order to know what the* 
sfibstahce is in itself, both physically and chemically. The 
alloys or mixtures may ^Jien be gi'^en ; but before their 
pr£R)tical bearings are" touched upon, their properties aVe 
to be recited as illu^stratihg the changes brought about by 
mixture, thereby contributing facts to the inductive'*' laws 

of Adhesion. > 

• 

8. In » Descriptive Method, it is of importance not to, 
mix explanations and theorizings with the description. 

In describing a quality, the first thing is to state pres;.sely 
what it consists in, or how it is discriminated. Moreover, the 
whole series of qujilities should be gone through, in the first 
instance, and ^ •'tittempt made to connest them with one 
another, or with other proporties, in general laws. This 
last, operation should always be ke^t distinct. The rempk 
applies to every science where description enters. 

9. When ‘bodies are cioselj’; ’allied in their nature, and 
are in consequencei grouped as genera, their difference^ 
should be exhibited marked contrast. 

The ’Halogens among the non-metals, the l^etals'bf the 
Alkalies, &c., make groups or genfira, with agreeing peculiari- 
ties, These points of a'greement are stated at the outset, so 
as So abbreviate the details of the species. Attention should 
next be giVen io contrasting pointedly the agreeing members 
among themselves. Thus Sodium and Potassium agree to a 
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very large extent ; and after the agreements, thd^*differeiices 
should be given in a tabular antithesis. 

10. Tide generalities of Chemistry aVe Empirical Laws. 

■ The * Atomic ^Theory is commonly said be the highest 
generalization of t)|iemistry. This, however, < must be 
guqj'dedly stated so as not tP confound definition with pro- 
positions. The nature of Chemical Attractiofi is expressed 
a ^complex definition (Definite uumbeis, Production of Etbat, 

' Merging of elements). There may be real predication in^ 
declaring these three facts tp be conjoined ; and their conv 
junction mdy be resolved into higher laws, or converted from 
ah empirical jko a deinvative conjunction. * 

Tfre propositions, in* connexion with Chemical action, that 
have in the highest degree the character of rea]^ concomitance, 
are those* that affirm the conditiops, arrangements, or situa- 
tions attendant on combination and on decomposition. 

For example, Combination requires proximity of the ele- 
ments, and is favoured by all the circumstances that aid 
proximity, as 'liquefacti^in j it is resisted by strong cohesive or 
adhesive forces, and proceeds as these are released. It is 
brought on by elevation of temperature iA numerous instances. 
It i8''iuduced by the electric spark ; which may operate by 
mere rise of temperature, but n\pre probably by polarizing the 
atoms. It is pr(|!Lioted by doncurring combinations ; it accom- 
‘ panics decompositions. These are all empirical lawk They 
are, moreover, statements as to general tendency, and need to 
he ^pdbmpanied, each with a schedule, stating the individual 
substances and situations^ of their applicability. 

Many other laws might be cited : — The celebrated law of 
Berthollet, regarciing the double deoompo&i^^in of salts ; the 
laws tha\} simple substances exhibit the strongest affinities, x- 
that compounds are moie fusible than their elements, — that 
iPOifibination tends to a lower state of matter — from gas (lown 
to^olid. ^ c. ’ 

As Empirical laws, these ‘have no other verification but 
Agreement ; they are only surmised to he laws of causation ; 
they are limited to adjacent cases. ^ 

11. ^The ultimate generalizations of Chemistry must fall 

under *the Law of Conservation of Force, and must express 
the m()st generalized conditions of the re-d*istr,ibution of 
Chemical Force. ‘ \r c . . " 

The Law of Persistence over-rides every phenomenon of 
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change, bftf it must be acoonl^anied in each case ‘with laws of 
Collocation. In Chemistry, there ‘must be indicted the pre- 
cise conditions of qjieniical re-distribniion, whether in com- 
bination .or iii decomposition. It is necessary to find ouf , in 
the^ost general forna^ the ‘situation or situations that’ bring 
about chemical .change, in either dirgclion. If this can be 
comprehended ih' one* law, that# will be the highest, the ^^lti- 
bate law of Chhmistry, the Ckemical appendage of the Law of 
Cofiservatio\j. The Einpirical laws above quoted will then 
^ have the improved character attaching to Derivative laws. 

12. Chemistry contains, as®a part of its n^iure, nume- 
rous Hypotheses. ^These are mainly of the class named 
Representative Fictions. , ^ 

To express in the most general terms the numerous pheno- 
mena of combination and decomposition, certain arrSingements 
of the component elernenlis of the compounds are assumed 
hypothetically. Itis,a/ac^ that sulphate of potash coiitains 
certain proportions, by weight, of sulphur, oxygen, and potas- 
sium ; it is a hypothesis ^that the s|ilt is madq uj> ia the 
pacific ular way shown by the formula K0,S08, beii% a binary 
compound of two otlifer conipounds. * 

The Atomic Theory of Dalton contained a generalization of 
facts embedded in Hypothesis^ The facts were the fixed pro- 
p6rtionB of bodies combining chenlically ; thqi hypothesis, that 
each substance is composed of atoms, and that, in chemical* 
union, an atom of one substance joins with one, or with two, 
or with jnore atoms of another ; there being alway&% ;ieat 
numerical relation withouf remainder. No one now regards 
this as more than' a representative fiction, unsusceptible of 
any other prx)oiij,thin its facility in expressii\*g the facts. 

, The Constitution of Salts ^is the great battle ghonnd of 
chemical hypotheses, being the key ,to the entire structure of 
chemical representation. There is, however, a perfect underw, 
standing as Jjo the ijatnre„of thg proof to be offered for ^the 
rival hypotheses, namely, the Suitability to comprehend the 
greatest number of cbemical re-actions, or combmations ahd 
decompositions. It is a qijestion purely chemical, and not in 
any wish logical it the sense of demanding atten’iion to'be re- 
cjilled to neglected logica} principle^. 

As examples of the suTsordinate hypothetical points, \%q may 
qnyte the Singular idea of supposing. an element to combine 
with itself^hydrogen^with hydrogen, chlorine with chjorine, 
and so on; a very great stretch, seeing that opposition of ele* 
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ments a pj edicate of chemical union. A better’example of 
a likely hypdthesis is the proposal to assign to bodies of dif- 
ferent prt'yperties, having the same ultimate constitution, a dif- 
ferent proximate 'tjonstitution ; as formic ether and acetate of 
methyl. The bold hypothesis of {jerhjJrdt arui Griffin — te re- 
gard as i?wo substances, iron when entering’into proto-salts, 
andiwhen entering into sesqiii- salts, and the same with all othei: 
elements producing sesquioxides* — was considered as a relief 
frbm otherwise inextricable difficulties: j 

The hypothesis of the Atom, or lowest chemical constituent 
is how coupled with another bypothetical entity — the molecuU 
representing the smallest number of atoms of each substance 
supposed to jpossess separate action. Thus the molecule 
of nitrogen is said to be made up of 2 atoms ; the phosphorus 
and arsenicum molecules, 4 atoms, and so on. .. 

When a number of different salts are in the same solution, 
as in a mineral water, it is a matter of hypothesis which acid 
is attached to which base. (IVliller’s Chemistry, II. 824.) 

The class of Scientific Hypothesis consisting of uniferijiid 
does not require special mention in Chemistry. Apart 
from the representative fictions, essential and permanent in liho 
science, there are no hypothetic forces or agents. The great 
prevailing agent or cause of chemical change is, and can only 
be, a molecular aspect of the great primeval force named under 
the Law of Consfervation. Until the supplement of this law, 
as regards chemical transformation — the universal conditions 
or . collocations — be worked out, there will be many hypotheti- 
cal tjstlocationsy which will be susceptible of final proof or 
disproof. 

Nomenclai^e and Glassification 

13. The Nomenclature and' the Classification of Chemi- 
stry involve these points : — (1) The use of a symbol for 
ifeach elementary substance; (3) The expression of the 
ultimate constitution of compounds ; (3) an expression of 
th<3 supposed proximate constitution o^ each compound in 
a manner suited to its re-actions with other bodies. 

(1) ^fhe symbolical notatidn has the advantage of affording 
a., brief" and yet full expression to the, most complicated com- 
poundeT, rivalling, in this respect, the notation of Mathematics, 
[t also enables bodies of like don^position to be readily classed, 
ind their class indicated to the eye. 

The nomenclature for expressing in terms the various bodies 
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is made of the names of* the elements — Oxygen,. Carbon, 
Iron, Silver — and** of a systematic mode of nnlthig these in 
compounds — carbonic aJfcid, carburet of Iron, &o. Only binary 
compounds dre stateable ni this way ; a higtl(|r combination in 
exp;*essed in some supposed*binary resolution — sulphuric acid, 
acetate of» potass,, chlorVie of formyl. ^Substances Rke sugar, 
starcL, albumenf are given in their familiar names. E^nce 
Jiouble naming*is, in Chemistry, a special and limited process ; 
and has no. analogy td the names of species in Botany a*n(^ 
Zoology. * 

‘ • (2) The notation exhibits the ultimate constitution of all 
compound bodies, by stating their constituents and the pjt'O- 
portions of each ; 0 is the analysis of watei*^; B 0, protoxide 

of iron ; Fg Og, peroxide or sesquioxidd. • 

(3) The sypbols are farther accommodated t(^ give the 
hypothetical upbuilding o 4 the elements in complicated com- 
pounds ; as in the theory of Salts. The ultimate analysis, gives, 
the amount of oxygeD in a.,compound, and the formula states 
irf what ways the oxygen is supposed to be ^istribuj^ed j an 
oxygen salt, in the old theory was a binary* coippound bf 
twa oxidized radicles, the oxide of a non-metal (as.sulphi^r) 
and of a metal (as iron*) ; sulphate of iron (protoxide ) S Og Fe 0. 
The analytical (or Empirical) formula of acetic acid is C 4 ^4 O 4 ; 
of the rational or hypothetical formula, there are no less than 
seven renderings (Miller’s Chemistry, vol. BBC , p. 6 ). 

14. A desideratum in Chemical Womeuclature is the 

statement of the structural Heat of the bodies. * % , ’ « 

» •* • 

The formula Hg 0 is given indi^erently for steam, water, 
and ice ; although *the exact difference of sjtructural heat> in 
the three admi^ o? numerical statement. Calling icfi Hg 0 ; 
we may call water Hj 0 + 180® ; steam Hg 0 -f" 1180®, on 
the usual reckoning of the heat of bc^ing and of evaporatipn. 

Farther, when Hydrogen and Oxygen combine, there is * 
a great evolution of structural heat, which is lost te the com- 
pound ; a provision might be inade for indicating the exaqt 
figure, which has been found out by experiment ; a certain* 
minute quantity would be attached to Hg 0, on tbis aciijount, 
and about one fburth of that quanl^ity to C Og* 
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LO&^D OP BIOLOftT. 

«• « 

1. Biolo^ is the Science of Living Bodies— Plants and 
jftniinals ; its exact definition is the definition of Life. ' 

Definitwni- of Life, 

2i Life is to be defi’ned by a generalization of what is 
common to Living Bodies. 

The Deryotation of the term 'Living Body jis well fixed ; 
there is scarcely even a debateal>le margin between the 
Organic and the Inorganic worlds. 

Clioosing Assimilation as a charac^ristic fact of bodily life, 
and Reasoning, ae an example of mental life, and contracting 
botSa ^itn the ^aracters» of dead mc^tter, Mr. Herbert Spencer 
arrives at .the following highly complex* definition : — 

1. Life contains a process or processes bf change. 

2. The change is not a simple or individual act, but a seriea 

or succession of changes, « 

3. Life involvd^ a pluralify of simultaneous, as well as suc- 
cessive changes. ' 

4l changes are heterogeneous, or various in csharacter. 

•' 5, «;'Ine various changes all cowhide to a definite resplt. 

6. Finally, the changes, are in correspondence with eootemaH 
co-existences and syuences. ' < 

In sum : — Life lo a set of changes, simultxnei^aa and succes- 
sive, conioined to a definite result, and in correspondence wiljj 
external circumstances. ‘‘Or, in a briefer form, Life is the 
continuous adjustment of internal relations to e;ctemal rela- 
tionc. ^ t. ** f ‘ c 

So carefully has the comparison been conducted, that no 
exception could be taken to any part of this definition. Every 
one of the particulars occurs in fdl living bodies, and in no 
kind of* dead matter. The apparent defect of the definition is 
o^iissidn ; it does not express or seem to suggest points that 
strike Che ordinaiy observer. For example, there is no allusion 
to the organized structure, at the foundarion of Which is jihs 
peculiar constituent known as tlie cell, fpr nucleated corpu^e. 
Again, there is no mention of toe individnal and independent 
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• 

existence of living^ bodies ; with ^hich is also associated the 
cycle of birth, growth, a#id death. 

These .omissions, real j(^r apparent, might be defended or 
explained on* one of thijee different grounds. * * • 

First, i^ might* be sa^d^^that the facts ’mentiohed,* although 
present and conspicuous in many or ih*most living bodies^' are 
not found in all, and therefore cannot be adopted into the 
•general dehnition. They can be taken notice of only^n 
defining the* classes or subdivisions of the whole kingdom of 
^animated nature. This remark y^ould be a suiOicient justifica- 
tion, if it were true ; but it is not true, at least tb the extent 
of excluding the i^iention of the circumstanqps from the 
definition. • 

Secondly, it might be said, that the definition does not aim 
at being exhatTstive, but only at being discriminative ; while 
it is based on essential characters, it does not profess to give 
all the essential characters. Enough is given to prevent us 
from «jrer confounding a plant or an animal* with a stone ; 
but there is no intention of stating every feature that 8epa^ates 
living bodies from the inanimate world. * 

^0 this the obvious reply would be, why should all the 
essential characters not given? There is no app3.rent 
reason for omitting in the s^tement whatever can be dis- 
covered as common to the whold departnif^at of animated 
nature. • 

Thirdly, it might be alleged, that the aspects in question 
although not appearing on the surface of the definitmliV«ft^6* 
yet implicated on it, and are unfolded in the due course or the 
exposition. The definition, it may be said, goes to the root of 
the matter ; while qjl else branches out fromjthat, and is duly 
unfolded in the l^ubsequent exposition o^ the science. ’ 
tn order, however, to bring forward* at once whatever can be 
assigned as general characters of living bodies, whether 
primary or derived, we sh^i re cast the definition, and dis- 
tribute it und!er the heads — Gonsutuent Elements, Structure, 
and Functions. . * * 

3. L ^Living bodies are constituted from elements^om- 
mon to*them with the inorganic Vorld. • 

The chief constituents of Living bodies are these 
Carbon, Hydrogen, .Oxygen, Nitrogen ; the last. Nitrogen, 
being most, abqudant 4n aniihals. To these are added» in 
smaller proportions. Phosphorous, Calcium, Sulphur, Chlorine^ 
Fluorine, Sodium, Potassium, Iron, Magnesium, Silicon. • 
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The variolas properties, Physical and Chemical, belonging 
to the seyeral elements are found operative in their organized 
form. All the mechanical and molecular laws jare traceable 
in living bodies! r , * 

Chemically considered, organic bodies,’ are exceedingly 
comvlex compounds. ‘'Ihe department of Organic Cheraistry 
is devoted expressly to these c 9 mpounds. According to the 
chemical reckoning, a single atom of ajn organic substance, aE» 
* sugar, ctarch, albumen, contains hundreds of simjple chemical 
atoms ; the atom of albumen is said to be made up of 880 j 
atoms of the four chief organic elements. 

II. With' relerence to Structure. 

r 

(1) Living bodies possess a peculiar structural complexity, 
commonly called the Organized Structure, Associated with oni 
notions of life is a certain mechanism, or machinery, very 
vaidous in its extent and complication in individuals ; attain- 
ing in the higher animals a degree'of c6mplicated adjustment 
uaeqnailed in any other department of nature. Such struc- 
tures as the eye, the ear, the brain, of human beings are, in 
otir conceptions, the very acme of structjaral mechanism. 

It* is now known that the ultimate constituent of all the 
variety of structures is a microscope element called a ceZZ, or 
nucleated corpijircle ; by whose aggregations and transforipa- 
tions, tissues are formed, which tissues make up the organs. 
It is true that in certain low forms, both plants and animals, 
tli€j,()i5Hular structure is not apparent, and therefore its visible 
peculiarities — namely, the bounding pellicle and internal 
nucleus — are not absoliftDly essential ; still, we cannot omit 
from the definition an arrangement so cmpjetely bound up • 
with all living nature, the few apparent exceptions being 
eqni^^ocal. 

(2) Another prominent feature of the living structure is 
lu^mduality, or individuation. Living matter instead of exist- 
ing in ykst continuous mksses, like rock, is separated into 
distinct individuals. As with other peculiarities, however, 
there is an ambiguous margin here also. In animal life gene- 
rally^ and in plant life generally, we have no misgiving as to 
individual existence ; men, sheep, forest oaks, are all distinct 
and«| 3 parate. Still, a scientific dd^nition must grapple with 
the whole field of cases, haying merely the requisite latitude 
of a sxpall doubtful margin.. < Mr. Spencer defines the indi- 
vidual, with reference to his definition of Life| as any concrete 
whole performing within itself, all the adjustments of internal * 
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to exteriJal relations, so as* to maintain its d^ii existence. 
This definition, to a certain extent anticipates T'jnrction, but 
so does any adequa^ ^atement of Sti^ctare ; the separation 
of Strnotur«| and Function is one of great Idjgjical con>;eAi€nce, 
bu^ in nature, the tw® thidgs are insepj|rable. 

Witbj individuality *4here is closelj^ associated, in our con- 
ceptions of living beings, the Cycle of existence, the deriyy^tion 
of one living being from othors, and the necessary termination 
of* each individual’s eScistence, after a definite career. Hdre, 
too, we may seem to anticipate what belongs to Fundtion. 

(3) We may not improperly state in connexion with struc- 
ture, and as following on Individuality, a circumstance so 
notorious, that to omit it from the compreheilBiva statement of 
life would appear inexplicable, namdly, the vast Variety of ^ 
Forms mid Sfyuctures. Uniformity, comparatively'^ speaking, 
pervades dead matter ; vfiriety is the characteristic of living 
substances. The different forms of Plants and of Animals 
count by thousands ; there are upwards of one hundred 
t/hou&and species of Plants, and a still greater number of 
Animal Species; while of, every one of these distinct specifes, 
there is an indefinite iinceasing multiplication of individuals, * 
nearly, although not* absolutely alike. * 

One of the chief demands of Biological science is to find an 
orderly arrangement for such a host of various forms. This 
makes Biology, inter alia, a science of Classification. 

III. As to Functions. 

The living structure is naturally active, changing, '^vqduo- 
tive, an^ its most characteristic points must have reference to 
these activities Here we may enibrace the substance of ,Mr. 
Spencer’s, definition, in two principal he^ds — Change, and 
Adjustmen£*to* external circu instances.* ’ 

(1) A definite combination of qjianges, simultaneous and 
successive. 

(2) An adjustment to ejEternal circumstances. 

(3) It must seem unpardonable, however, not tb bring out 
into prominent statejpaent at the outset, that very remarkable 
phenomenon of living bodies, to which there is no exception, 
narqely, Assimilation, or the power of an existhig organized 
particle, to impart its own organization to an adjoining particle 
having the p];oper chemical constitution. This magi^«toucli 
of vitality;* has only a faint parallel aniong inanimate bodies ; 
combustion, a^d chentical coinbinations generally, make but a 
small approach to ft. Its lesser manifestations are in the 
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^ renewal,’ .by nutrition, of tl^e living tissues ; its culmination 
. is in the tbWJwing off of the germ, or seed, apparently homo- 
geneous aiSd structureless, but possessed interior markings 
that decide whether its future is to be a man or an oak ; a 
white man, or ja negro *, a flat nosed or an aqujline-nosed nc\an 
or woman/ We may ]3,ot be able to consider whether ^^this 
.greatr, property be essential and fund amen taf,‘ or whether it 
be derived from other properties^ already given in the defini- 
tion. ^ 

We may repeat under this head, ‘ the peculiarity above 
. adverted to, under individuality of structure — the Cycle of" 
existence, or tirth, growth, and death. 

(4) It cannt>t be irrelevant to the comprehensive definition 
to advert to the connexion of Mind with Living Bodies. 
True, this . is not a concomitanf of all living jDodies, yet it 
appears only in connexion with the. living form. When we 
make the first great division of life, into Plants and Animals, 
we obtain the more precise boundary of the mental manifesta- 
tions. Still, at the very outset, we are interested to know 
that this characteristic manifestation appears only in the 
department of living structures. ^ 

‘ The^ foregoing definition professes to leave out no fact that 
can be found inhering in all living bodies. The first requisite 
in defining is to be exhaustive ; it is an after operation, of 
great scientific Jaterest, to trace the dependence of one or 
more properties upon the others, and to assign what appears 
to bo ultimate and underivable properties. At present, 
hbw^^r, all such derivation is but ctentative and hypothetical, 
and therefore, is not suit^|)le to be brought forward at the 
commencement of the subject. Provisionally, these various 
peculiarities are to be held as distinct; no-onq being assign- 
able as a derivative of another. = 

Divisions of Biology. 

4:. The Divisions of Biology are in conformity with the 
Definitioa 

Theferst part of the Definition refers to the Organic Chemi- 
stry of Life. This 8ubject*is partly. given under Chemistry, 
and pfti^tly as the Introduction to Biotegy. 

The two other parts of the definition suppose % separate 
oonsidoration of Structure and'o^ Punefipn. We should ftilly 
understand the reasons and the limits of this separation. 
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These ^.wo facts are insejJarabie in the realitj. Bat as, in 
less complicated -subjects than l^fe, we have *otei to make 
abstraction of som^imlities to the exclusion of others where 
there is* no tactual separation possible, so in^the present; case 
we. find it advisable 40 cflnsider Structure b;^ itself,’ before 
vising it as coijneoteSl with Punctiop. 

Yet this sejSaration may he carried to an unjust j^able 
extreme. As *soon as the mkid has perfectly comprehended a 
stWctural arrangemeiA, we are prepared to enter upon the ases 
or functions of that afrangement. Indeed, while the know- 
* ledge of the structure is still ftesh, the knowledge of function 
should be imparted. Function coinpletes and mxes the idea 
of structure, in sfs^far as the two are mansfestly connected. 
The only reason for not following up 'the account of stricture, 
with the accQunt of function, for every distinct living organ * 
would be the necessity pf viewing Function as a connected 
whole, and therefore not to be entered on unless it could be 
given as a whole. • For, example, the Function of Digestion 
t50urd not be entered on till the entire gr«up of alimentary 
organs were structurally ^escribed. • • . * * 

• The separation of the two subjects is carried td* a question-? 
able extreme in thh special Biology of man; Anatomy *and» 
Physiology being, by present convention, treated in distinct 
works, and taught by distinct teachers in the schools. The 
just middle plan would be to include bothiin one work, and 
to append to the Anatomy of each organ — Bones, Muscles,, 
Heart, &c. — the Physiology or function. ^ 

In the usual treatment.of Plant Biology, Struct uraf Botany 
is given first, Physiological Botaijy next (in the same ’treat- 
ise) ; the stifdei^t being made \o wait for the accoupt of 
Function in apy «rgan until Structure hap, 'been gone through 
jn every organ. The justifying reasons are probably these : — 
(1) It is possible to carry provisitfnally the whole siructure 
in the mind, without the assistance that function would givf^; 
and (2) there is a eonvenidnce ^ treating function as an un- 
broken whole. * * 

In Animal Bidlo^, the branch called Comparative Anatdmy 
takes each organ apart, giving both structure and function, 
and exhausting* the varieties of each through the animW series. 

Structure has to be viewed, iiiits successive modifications, 
through thef cycle oi the individual life. This called 
Bmbryoldgy. A'still more^ extended view is the considera- 
tion of Recessive gftructures in the hereditary line, where 
there may occur changes requiring to be taken account of, 



264 


LOGIC OF BIOLOGY. 

< 

being tbe iukial step of the new biological departnieut called 
Evolution^. * ‘ " • 

It is pigoper to generalize to the utmost the wide variety of 
structures, and to exhibit all the gi>neralibies ap irt as giving 
a inehtM command of the entire field. S;jch generalities 
would be edldd GeneJal^Morphology, ajid Geo<»ral Ermbryplogy. 

Function, or Physiology, is^n account of dil the living pro- 
cesse's, in the most convenient order ; all those changes con- 
stituting Life — changes simultaneous < and successive, contri- 
Isuting to a definite rtsult, and adaptihg each organism to the 
environment. Here there is unlimited scope for inductions, 
and for deductions, coi^fronting and correcting one another. 
Thfe high geijpralities of Function comprehending all Life, if 
such there be, would form a General Physiology. 

TJie subject of Evolution involves the mutii^l actions and 
modifications of Structure and Function. It deals with the 
general truth that when external circumstances demand and 
prompt an increase of function (as when an animal is called to 
exert unusual njuscular energy) the structure is liable^ to be 
increased, and thus to iv crease the ^Junction apart from stimu- 
lation. This is one way of the supposed re-action of Structure 
and Function. Another way is by Ml*. Darwin's Natural 
Selection, or Survival of the Fittest. The carrying out of these 
principles is the substance of the great Biological Hypothesis 
of Development Evolution. 

• Biology can to a certain extent be treated as a whole, there 
being certain things common to living beings — Constituents, 
Structfife, Function and Evo^ution i it would then have to be 
diviaed, as has always been usual, into Plant Life and Animal 
Life^; each of these subjeclfe being subdivided according to the 
plan above laid down for the whole. * 

Remaining Notions of Biology. 

, The general definition of Life has been seen to carry with 
it tjie definitions of Organization^ ^Celly Protoplqsm^ Assimu 
lation^ Inditidual, Oerm, Reproduction^ Growth^ Death 
, The specializing of the structui’es and*'functions introduces 
many other Notions. 

Plan^ — AnimaL^The greatest line of demarcation in**li?dng 
bodies ds between Plants amd Animp^ls; these are the two 
highee^ genera of living fcodies, a perfect dichotomy of the 
whole. Allowing for a doubtful margin, the distinotwe 
characterjs are numerous and important. As in aH dichoto- 
mies, we have the advantages of a definition by Antithesis. 
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The leacting characters may* be stated in contrast thjw 
Plant, y * AnimaL.*-®* 

Number and comp]0dii/ of Tissues^ OrfanSj and Functions, 
Small • Great • 

, Local* habitation, ^ 

Fixed, \ J^ov’eable (JLiocbmotipn) 

* t Food maknals. 

Inorganic * Organic 

« Mod^of reception of Food, 

Absorption * Becbption into a* mouth 

% and stomach ' 

Process of nutriticgi, * 

Deoxidaftion Oxidation, s* 

Tissue, Organ, Vessel , — These are •comprehensive parAs or 
constituents of^the organized 'structure, as made up of cells ; 
they are common to all Jiving bodies, and admit of exact 
definition. There is a difierence between the Tissue and the 
Organ; one Organ, «* as ijie stomach, may contain several 
tissue's*. Each Tissue is analyzed into a distinst cell structure, 
which is its defining peculiarity as regards strudtune^ to Whidh 
there also corresponds 'a certain kind of activity or. function. 
Thus, the nervous tissue is made up of nerve fibres and nerve 
cells, in a special aggregation ; these are connected with the 
peculiar activity or function called nerve function, or the 
manifestation of nerve force. 

The view of Plant Life contains the definitions of the 
structural parts of the plant. 

Cellular Tissue Integument (Stomata, Hairs, GlcK|ds) * 

Vessels Root 

Vascular Tissi^e Stem 

► Leaves 

, Infloresfenoe (Flower, Fruit, Germ). 

From the enormous number and Variety of plants, a great 
efibrt is needed to present these parts in their widest geuer - 1 
ality; whila»the general Sdea ipust be accompanied with a 
classified detail of modifications.^ 

Definitions mu&t ^so be given of the processes of Plant 
Life. 

bsmose * Flowering 

Exhalation Vigils of Plants 

Transpiration Sexual union ’ 

Secretion * ^ Impregnation 

Irritability an4*0ontrao£ility Fecundation- 

Defoliation Germination 

Circulation, sap, capillarity Propagatibn. 



266 LOGie OF BIOLOQY. 

A set of fiotions, parallel hu'i more numerous and compli- 
cated, be^ng to the description of Animal Life as a whole. 
The modifications of’the ultimate m(ut€>?ials are described as 
blastema or matrix^ crystals^ jtrotoplasniy granule^^ homogeneous 
v^.em hrane^ vesicles^ nuclei, nucleatdd celh, simple fibres, nucleated 
fibres, corhjpomid fibres, ^B.nd tubes. These are«*compotended into 
the^ characteristic Tissues — Oellular, Adipose,' Vascular, Carti- 
laginous, Osseous, Muscular, Elastic, Epithelial, Nervous. The 
OkGANS are Bones, Muscles, Alimen^ry Canal,® Respiratory 
Organs, Heart and Blood Vessels, Sympathetics, Skin, Brain,, 
Setses, Reproductive Organs. The Functions follow the 
Organs ; aiid in several instances, give these their distinctive 
names. «- '• ** 

The Classification of’ Plants and of Animals gives scope for 
Definitioi| as applied to the several grades. 

5. In these detailed Notions, Vve have the analysis of the 
Living Organism — Plant or Animal. ^ 

An organism' is by its very nature a complexity. In' a 
seieiltiAc consideration'-this complexity has to be resolved into 
the related parts — organs, tissues, constituents. The law^ of 
structure are laws of relations of the '"parts to each other; 
and if our analysis has hit the natural partition, it is the basis 
of our subsequent statements, in propositions, of the natural 
relations. If tb^ analysis is inexact, no exact propositions can 
' be grounded on it. 

^ Propositions of Biology 

6. The Laws and Prqnositions of Biology differ in their 
logical character, according as they relrte to Structure or 

to Function. ‘ • 

< ‘ 

First, as to Struotuee- 

^ The propositions or laws of Structure, affirm . co-existence, 
as prder in place, between tlje diifw'ent parts of Jiving bodies. 
Human Anatomy is a vast iBongeries of such propositions. 
.How far the co-existences are ultimately defpendent on Causa- 
tion, rests with the theory of Bvplution. In the meantime, 
they ai*e to be regarded mainly as Co-existenbe without Causa- 
tion. « • , 

Thqse propositions may be special to individuals and limited 
groups of individuals ; or they ^may be generalized over wery 
wide ai'eas. The narrow clasl^ is exeniplified in htiman Ana^ 
tomy," and in all specific descriptions whether of plants or of 
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aniiDala feigh generalities, Realizing the scientific ideal of 
Biology, are not mntyig. For example, in PlantS^all the 
parts are homogeneoiinnf structure; or, al otherwise expressed, 
the flowers a^ modified loaves ; the monoootvledonoug mode 
of gQrminatioh cjiexistowitlf the endogen9US mode ofgrowthy 
flowering plants a^e generally multiaxiaj ; complexity of struc- 
ture is accompanied with permanence of form. In Aniiriils, 
jve have the anciently observed coincidence of ruminant sto- 
madh, cloveii hoof, and* horns ; the grouping of mamraalidn 
characteristics — mammas* non-nucleated red blood-corpuscles, 
*ttvo occipital condyles, with a woll-ossified basi-occipital, each 
ramus of the mandible composed of a single piece of bone ai^d 
articulated with the^quamosal element of the^skidl. 

Viewed, in the first instance at least? as co-existences with- 
out causal connexion, these propositions must be 'lerified by 
agreement through all nai^re, and held as true only to the 
extent observed. 

There are numerous aryl striking co-existences between 
• Structure and External circumstances, the so-called Adajpta- 
tions of one to the other ; bo-t in these there 16 a *great prd- 
sun»ption of cause and e'fiect ; they furnish the best support Jio 
the doctrine of EvoliAion. 

There are likewise laws of causation, more or less traceable, 
in the operation of all the outward agents. Thus, Heat, 
Light, Air, and Moisture, are essenlial or cadtfal conditions of 
the growth of plants. Light is necessary to the colour of the 
leaves. The oxygen of the air is an indispensable conpitien 
of all animal life. Many other laws of causation ai*e occttpied 
in expressing the ajgency of different kinds of food, of medi- 
. dnes, &c. * , • 

There are la\^s of cause and effect, in* the mutual actions of 
different organs, in each individual plant or animal. Thus, 
in animals, the digestive organs affect, and are affected by 
the circulation, the muscles, ^d the brain. 

7. Next a!S to Fu^ctioiS, or Physiology. 

The propositions heie affirm Cause and Effect. The process 
of Digestion, for example, ip an effect of the contact o| food 
materiat with thd complicated alimentary organs. In like 
manner, every organ of every living being has a function, 
more or less assignable. ^ 

It is a deduction from the permanenee of Matter, established 
since the researches of^Lavoisier as a law of nature, that what- 
orer materials exist in plants and in animals, must be sup- 
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plied a ctmdition of their grdwth. Plants being^ constituted 
from Carbon, Oxygen, Hydrogen, Nitrogen (in small portiou8)i 
and Saline bodies,— %ust find all thesiEcjelements in the earth 
or^in the air. The animal tissues^ being highly ’ nitrogenous, 
^mimais must nave^nitrogenons 'food.® The^gaiitric juice con- 
tains hydrochloric aqiJ, whence the necessity ofosalt^ as an 
ari^cle of food. e i * 

^ 8. The law of the Consefvation of Force, and all th\3 
subordinate generalizations of Molecular 'Physics and 
Chemistry, are carried up into Biology. 

, The law^bf Conservation holds true in organic changes, and 
is a deductive 'key to the phenomena. ‘Every manifestation 
of i^broe in a living body — mechanical energy, heat, decom- 
position rf compounds, — is denvable from some prior force of 
exactly equivalent amount. o 

The laws of Cohesion, Adhesion (in all the forms — Solution* 
Capillary Attraction, Diffusion, Osmose, Transpiration), Heat, 
Light, .Electricity, and the laws of Chemical combination and * 
decornpoptioh, are carried up i».to organic bodies. la the 
present. advanced state of knowledge respecting these laws, 
there are many deductive applications^ of them to the pheno- 
mena of life. The complications of Biology are thus, in part, 
susceptible of being unrayelled? by pure deduction. 

So far as cofcberns Force, or energy, in any shape, there is 
nothing special to living bodies. As regards Collocation, 
therq is the peculiarity of the organized structure. It is not 
coiyect to speak of Vital Force in any other sense than the 
molecular and chemicali/orces, operating, in a new situation. 
It* would be strjotly proper to speak of ^ Vital Collocation of* 
elements, under which the molecular forces* put on new 
aspects, although never inconsistent with the primary law of 
Conservation. Thus the nerve force is something new, not as 
regards its derivation from an antecedent equivalent of force, 
but as regards the singulairiy cS^«the nerve stricture, which 

leads to a new mode in the manifestation of the force. 

» * .V 

9. In the department of Function, there are necessarily 

many Empirical Inductions. '* ' » 

Excepting the deductibns fromu Physics and Chemistry, 
eveiy law of Biology must be considered as empirical. There 
are, however, some empirical laws established by an agree- 
ment* se wide and sustained that the]^ are considered, for the 
present, as laws of nature. Still, no such laws can be held as , 
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absolutely certain. N^/withStahdjipg the agreertfent ip favour 
of the derivation of livjlng beings from germs or s®t>d, there is 
yet a possibility of i^oBujianeous generation. • 

The ibiloiving are examples in Plants. V, Vegetable ^jells 
abserb fluid J, e^orate seciVetions, and ^rm new cells ; th^y 
also jinit« to form ves^ls. Roots ab|orb material* from the 
soil, in part by^osmotie action. • The sap circulates unde^ the 
» influences of heat and light, And the actions going on at the 
surfaces of the leaves dnd of the roots. In flowering plai/ts, 
reproduction is perfornJed by the acces^ of the polled to the 
6vules. Pruitsucceeds to fecundation. Seeds germinate in*the 
presence of heat, moisture, and air, with absence *01 light. 

There is something very unsatisfactory in the inductions* of 
Vegetable Physiology. Some of them*are now obvious refults 
of the law of Conservation ; hs for example, the h^fluence of 
Heat at all stages of vegei^able growth. The great lack is in 
the intermediate steps of the process ; what happens in the 
interval between the ^incidence of heat and air in the leaves, 
ahd tife elaboration of the sap, the setting fre® of oxygen, &c. 
But this is the defective i part of our knowledge of all Ae 
organic processes. * ' . * 

In the functions ot* Animals, there are numerous empirical 
inductions. Thus the conditions of Muscular contractions are 
well known by experimental yesearoh ; they are the presence 
of Woodland the stimulus of the nerves. Thl^it blood should be 
necessary is a consequence of the law of conservation; muscular’ 
force must be derived from some prior force. That non-^zotisi'ed 
materials are sufficient for jeausing muscular energy could bo 
known only by experiment. Again, J^lie circumstances afiecting 
the heart’s action,^ are empirical inductions ; so is the fact 
that the red eoypu^cles of the blood cbjitj the oxygen for the 
tissues. The processes of Digestion are stated in the form of 
empirical inductions. The same hoTds of Urination and Re- 
spiration. Parther, the multiplied actions concerned in« 
Impregnatioe, Germinaticn* and Growth, are ascertainable 
only as empirical laws. All tlfe functions of the Brain and 
the Senses are givbn m propositions of the same character. ’ 
That exercise (within lynits) strengthens all the animal 
orgalJS*has long been establi8hed**as an Empiric^ Law^? Mr. 
Darwin is dissatisfied with the physiological reason or clerirS.; 
tion of the laW; to him,' therefore, it remains empirical* 

These empirical unductions aire to* a certain small extent 
pontrolled ’W high generalities*, and are in so far derixativei 
The law of Conservation is a check upon many of them ; and 
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the special l&fws of Molecular Fhysic^,i and of Oheftnistiry are 
seen at wosk in some. Bui in such a ^ocees as Digestion, the 
recognized physical ^d chemical a^wnis are thwarted by 
deeper forces, of which we have only an empirioal statement. 
Xte most potent insjjrumentality 6f deductivp eiS^lanations at 
present known is that furnished by tlie reseijarches of Graham 
on 'J’ranspiration, Diffusion, Osmose, ar.d CaJ)illarity. 

Animal Mechanics, and the propulsion of the fluids by the,, 
heurt’s action, are susceptible of a ccftnplete depictive trhat- 
'ment, through the applications of Mechanics and Hydrostatics. ^ 
This is well exemplifled by pr. Arnott, in his ‘ Elements df 
Physics.* 

Logical Methods of Biology, 

10. In^Biology, the facts dre open to Observation and 
to Experiment ; although with rome limitation owing to 
the peculiarities of the living structure. 

4 . t 

The difficulti^^ attending the observation of living 4I)eings 
are greatly overcome by such instruments as the microscope, 

« stethoscope, laryngoscope, ophthalmoscope, &c., and by ^ihe 
, chemicaV examinations of the various * products. Accident 
sometimes lays open the interior, as in the case of Alexis St. 
Martin, through whom was obtained invaluable results as to 
digestion. * 

11. Through the variety of the cases presented by Biology, 

there ,i« great scope for elimination by the methods of 
Agil^bment and Concomitant Variations. * 

The means of varying the circumstances by tthe comparison 
of instances, agreeing and yet disagreeing^,^ is very extensive. 
From the number of different ^vegetable and animal spectes, 
each structural peculiarity is presented under the greatest 
possible variety of accompaniments. And this is only one'^pcurt 
^of the case. In every individuaH^jere is. scope f^r additional 
comparisoxts in the different Stages of its existence, the method 
pfl Embryology. Lastly, the occurrencd of < monstrosities still 
farther contributes to the desired variation of circumstances. 
In th6f)e three ways, the opportunities of plying the Methods 
of; Agreement and Concomitant Ymations are exceedingly 
muitipjied, ' - ♦ 

Thus, an examination .of the structure of the ey^s, in tbpir 
rudimentery types in the lowest'^animalti^ and in their succes- 
sive phases of growth in the higher, has both suggested ao^ 
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proved (as Some believe)^hat eyq is a modified' portion of 
the skin. ’ / 

Mr. Owen enamerat'i.i ffven different m?)des of carrying out 
comparisons cf the animal> structures (Yertd;)|^ate Ai4p;ial8, 
Vol. I. Preface),, ® j :t 

The jise and limits oftlie Deductive Mpthodin fiioldgy have 
been sufficiently ^advertad to in j previous remarks. Soipe 
i^tice may be taken of the applications of Chance and Proba- 
bility. Ci ’ 

• ^12. There are many biological conjunctions of Vide, 
but not of uniform concurrence. Such cases must be dealt 
with according to thp rules for the EUminatipn qf Chance. 

When a concurrence, although not universal, is, neverthe- 
less, more frequent than chance would account for, we are 
bound to recognize a natural tendency, or some law df nature 
liable to be defeated by other laws. For example, the con- 
currence of superiority of mental power with superior sizb of 
, brain, although liable to exceptions, is yet very general, and 
far more than chance can account for. Hence w& must Regard 
this ^ an established hw/ with occasional liabiliBy to be 
defeated. We are not 'at liberty to predict it of every instance, 
but only with a probability proportioned to the observed*fre- 
quency as compared with the failures, 

1*3. It is a result of the great complicaclj of vital pro- 
cesses, that many inductions axe but approximately true i 
and, therefore, are to be reasoned on according tc. thn 
principles'" of Probable Evidence. 

The prevalence of approximate generalizations is a mark of 
*tbe increased complicacy of the Biological processes,. as com- 
pand with the pfocesses in Phyfics and in Chemistry, 

The best that can be done, in this sMte of things, is to* ob- 
tain sffitistics of the actual occurrence of certain conjunctions. 
There is a large deparjbment. ef modern creation, termed Vijjal 
Statistics, which enables us to reaisbn on vital phenomena with 
the degree of probabiKty belonging to each case. It is thus 
that we can infer the proportions of mortality at different ages, 
and the proportion of male to female births. Whbn Agricul- 
tural Statistics shall have t;een continued for a sufficient Hmy/ 
the recurrence pf good dnd bad bairests will be capaj^le of 
being stated*with numerical probability. 

14. Many of the priJ^ositionb of Biology are defective in 
mytmerical precision ‘ 
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In Pbysiifa.1 and Ohenwcal facts, Vfe is usually possible to 
measure numerically the degree of qualities. Thus most 

of the properties of*'a mineral can f!>eSKtated with numerical 
preoisipn ; oth^ife, as colour, and fracture, can referred to 
known type. Bu# when we say a c6rtain»%mount of exercise 
strengthens the organ|<, while a greal&r amount we^en^ them, 
wet leave the estimate very •‘vague. Ohangq of air is said to 
invigorate the powers, but there are no precise reckoning^ 
efther in the general or in particular ^ases,. of bowr much invi- 
goratidn may be expected from a definite change. So, thq 
infiuenoe oj altered circumstances on breeds, and on races is 
given in vague indeterminate language, And must be taken 
with great latitude, * 

^ Hypotheses of Biology, 

15. Tlie character of the science requires the utmost 
aids that can be afforded by well-contrived Hypotheses. 


Biology has all the difficulties* of Molecular Physips and 
Chemistry as regards the impalpable nature of the constituent 
{^rts in jiving bodied, and its own additional complications 
ftpm the organized structure. • *, * 

hypotheses of Biology are of all the varieties enu- 
merated in the general chapter on the subject (Induction, 
chap. Xlll.). Borne assu^ie a t'eal cause, as the Development 
Hypothesis ; oifiers assume unreal or unknown agencies, as 
the supposed adherence to Type or plan; a third class would 
cktinvi) be Representative assumptions. 

' Cif the first class, we may cits, as instances involving the 


smallest amount of peui] in the assnmptioi^ the unverified 
deductions from ,general laws of the inorganic world, such as ' 
the molebular and chemical laws. These powers of cohesion, 
adhesion, solution, osmose, &<!., are assumed as operatingnn 
the living body, but the deduction from them is not sufficiently 
exact to be fully verified. Henqp there is much* that is hypo- 
thetical ii%the theories of oxidatioli, of .animal heat, of seore- 
tjon, &c. Prom the known chemical inertness of Nitrogen, 
Mr. Herbort Spencer draws some reiliarl&able inferences in 
expla|,ati<m«of the vegetable and animal processes (biology, 

^ 8).. ^ * V • 

Hypothesis , — This renowned speculation, wi& 
all it/bol^ess, baa the characters of a legitimhte Jbypotbesif ; 
it assum^ a real agehCy, a* vera eausjf\ its diffionlties lie^ m 
sho^ng |hat the supposed a^nt is eqncd to' the* vastness of 
the,re^ul||. 
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PropeJIy spealfing there is€io rival hypothesisi^ Thcy^pecial* 
Creation view is a phmse that mefely expresse3V5i^r ignorance. 
Its power of explana|p:m is confined to«niaking a copiparison ^ 
it assigns to the liVfhg sjyecies that have successively appeared 
in the cour^ of ages the same mode of origin as thd earliggt 
spdbies o| all, sffiH as th^ whole framewoA: of th& nniverse ; an 
origin that mas^Yor ever be in<jpnceivfi.ble to the human niiud. 
•As the physical theorists who speculate upon cosmical de^lop- 

• mint — the formation pf suns and planets — start with i.he 
assumption of matter upread out over •a great amplitude of 

* ppace, and coming together by gravity, so the biological theo- 
rists assume a primeval start, either of living Hbroods, or of 
matter ready to b'l^come organized under particular circum- 
stances. Now the value of any scientific explanation of life is 
measured by its capability of .tracing the whole of organized* 
nature to the fewest primitive assumptions. ^ 

The modification of pl&nts and animals in the course of 
generations is a fact. It happens even in the same e^fterna! 
circmpstances ; while un&er alteration of circumstances, the 
changes become vastly greater. No\j, if any# meanS can «be 
assigned whereby some of the modified forms are •kept alhre< 
while all the others •perishf the deviations are rendered per- 
manent. Mr. Darwin provides an instrumentality of this 
nature in what he calls Natural Selection, or the preservation 
of the fittest in the struggle 0 / life.* It has bien his endeavour 
to accumulate a vast multitude of facts sho'vnng the principle* 
in operation, many of them inexplicable on any other suppofin«“ 
tiou. Herbert Spencer, Huxley, Hooker, Wallace, and 
have contributed to the sujfport and elucidation of the hjrpo« 
thesis. g • ^ • 

The occurrence jof allied species in the same geijgraphical 
area, and the wide differences^ in character of the species in 
Idealities widely apart, are adapted ,4}o the doctrine of‘deve* 
lopnient and not to any other view as yet provided. Again, g 
says Mr. Darwin — ‘How ineKplicable is the similar patter of 
the hand of *a man, the foot of dog, the wing of a bat, the 
flipper of a seal„ inj the doctrine of independent acts t)f 
creation I how simply explained on the principle of the natural 
selection of successive slight wiations in the dixfergiu^ 
descendants from a single progenitor T In the cou|*s^^ 
time and change, certain *parts ori^nally useful have l|pd$me 
superfluousb; and their retention in the useless condition is 
intSlligible.only on a hypotbeilis of descent. . ^ ^ 

So long as the Development Hypothesis .tallies with a very 

18 
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large n>imbei*jof facts, and is not incornpatible with any, it is 
a legitimate^ S.tid tenable hyJ)othesis; aud it§ worth is propor^ 
tioned to . the extent cf the phenomena vdiat it explains, com- 
pared with those that it fails to explain, 

. Ity^pofnesis of Keproduction, — The reproduction cf each living 
being from orm or frJ!in two others, %?ough "the medium bf a 
small globule which coii tains ^n itself the future of a definite 
epecVes, is the greatest marvel in the whole of the physical* 
world ; it is the acme of organic complication, r 

‘ Mr. Herbert Spencer and Mr. Darwin have recently pro- 
mulgated hypotheses to represent this process. (Spencer^ 
Biology, L, 253; Darwin, Domestication, II., 357). The two 
views haver a good deal in common, auji might be taken 
together, Mr. Darwin’s, however, ventures farthest, and 
may be here quoted as exemplifying a biological hypothesis. 
He prepaiffes the way by generalizing all the different modes 
of reproduction— -whether unsexual'or sexual. The unsexual 
modes, as buds and fissure, are to be held as identical with 
the processes fqj* maintaining each" organ in its integrijy, fqr 
the growth or develogment of the structure, and for the 
restoration of injured parts. And it» seems to be a tenable 
supposition that the sexual mode of reproduction is a mere 
modification of the same general fact. 

The hypothesis then is that e^ch egg, or seed (of the female) 
and each spermatsDzoon, or pollen grain (of the male) is already 
• a vast aggregation, a world in itself. It is made up of a host 
of. smaller bodies, which may be called gemmules, with all the 
prbp^fties of growth or reproduction commonly attributed to 
cell6 in general ; this host is different in each specms. For 
every separate part of thS^aniraal or plant to fee formed, down 
to a feather, there are distinct gemmules ^f the type of that 
part, and'^unfoldiiig to* produce^ it by ordinary growth. Every 
animal contains circulatepg through it the undeveloped gem- 
mules of all its organs, and parts of organs ; a complete *set is 
boijnd up in the ovum of the animal (or plant)^ and by due 
expansion i^eproduces the ne^ individual complete at all points. 
^Something must be assumed as determipng them to iW into 
their places ; but that there is no absolute fixity in this respect, 
Mr. Carwin'^ shows by the ^reqnbnt occurrence of mssn^aced 
; ^is, he thinks, favours the^ view of the multitudinoixs 
geidgEjiplei, and relutes any hypothesis of a forpied microoc^m 
existing ip the seed, to lyhich supposition there aretxnany 
hostile ^Elbts. « ‘ 

To"^ grasp, reconcile, and generalize Ibe facts, is an axn^ 
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justification of tfiis hdd veifture ^ by the natu^b of fbe case, 
we can never hop^ tojpenetrate the precise operation, nor yet ! 
to arrive at a suppoF^tibn that shall eafclude every other. It * 
is, however, an im^rtEint appendage to whatever hjppthesis 
may he forjxied of the ^real^ vital fact nayired Assimilation. 


CHAPTER V. • 

LOGIC OP PSYCHOLOGY. 

1. Psychology, or the Science of Mind, comprises ^otln 
Mind proper,«and its alliante with Matter, in the animal 
body. 

Defiriition of Mind, 

* 2. The ultimate antithesis of all knowledge is called the 
antithesis of Object and Subject. ^ 

"the object world #oincid%s with the property called Exten- 
sion ; whence the Subject, or Mind, is definable by antithesis 
as the Unextended. A tree iswextended ; a pleasure, a thought^ 
a desire, have nothing in common Vith extetlj^ed things. 

3. Bf the method of Particulars, Mind is definable 

possessing the three attributes named Feeling, Vciitidn. 
and Intellect, . • 

Feeling is exemplified by pleasu^s and pains ; Volition is 
action prompted b^ Peelings ; Thought, or ^tellect| contains 
the processes known as Memo^, Reasoh, Imagination, &c. 

*All our emotions are inclucfed under Feeling ; our deusa- 
tions*ara partly Peelings and partly Intellectual states. 

The positite definition of 4^he Mind is also a Division, ^d 
must conforih to tbe*laws 6f Logffcal Division. 

Condomiiance of Mind and Body, 

4. the De^nition ol^Mind, we must add the'Con- 
comifance of the Body* 

The oonoomitance of Hind and Body is a conjunctioil STto* 
gather unique. The extreme facts of human expenence — the 
subject and* the iobject,^%nind and extended matter — are fimndi 
ni liniOD. ^We bannqt'say with eerteinty whether the unioi^is 
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a case cail|*.atioii» or a case (X. co-ipheiing attributes. It 
stands aparK ^ 

6. The union of Mind and Body Taust hold throughout. 

While many, iroQi Aristotle downwards, have held that 
portions of the mind are unconnectec^ with t>udily processes, 
no one denies that miitd is to some extent t^?pendent or the 
body. But all have failed in every attempt to draw a line 
between the functions that are depend^itit, and those that are 
Supposed independent of bodily organ^. 

f). The goncomitance of the two radically distinct 
phenomena gives the peculiar characteristic of the science. 
Every fact of mind has two sides. ' 

Every feeling has its mental side known to each one's own 
consciousness, and its physical side, consisting^ of a series of 
physical effects, some superficial and apparent, others deep 
and intricate. 

It depends upon circumstances whether, and how far^. these 
physical adjuncts should be brought forward in the scientific 
eipositioh of the mind. On the one hand, if they are 
unvarying in their concomitance, they can hardly be excluded 
without impairing our knowledge of the mental part. On 
the other hand, it is a bare possibility that the mental pheno^ 
mena, being rascally distinct and unique, may be studied 
'better by making entire abstraction of the physical aocompani- 
"Sn§nts. Moreover, much depends upon the degree of insight 
actuafly possessed respecting the nervous system and the 
varfous organs related to the mind. It might be expedient at 
on§ stage of knowledge drop these from the view, and at 
another ^tage to take them up, 

In point of fact, until the present century, only a very small 
number of philosopherq. gave systematic attention to the 
physical implications of mind ; the chief being Plato, Aristotle, 
Hqbbes, and Hartley. In spite e^f the crudity of their know- 
ledge of physiology, they aii*(with perhaps the^ exception Ot 
•Hato) gained most valuable psychological hints by means of 
that knowledge. The physiology of the present century 

« plachd the whole subjection anew# vantage iground, 
^ ention to the physical side may be expected to be much 
‘m61is^|sewarding. ‘ ^ 

Thus, bn one side. Psychology is a department, of Animal 
(Biolbj^, and subject to biolc^cal lavs. Tl^e a\l-pervaditig 
law of Persistence of Force extends td'the phvsioal concomi- 
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tants of mind, and if pregnant -with conseq^iences!’ of the 
utmost practical valuj^ 

On the other sidt , T Jj^chology presents a unique •phenome- 
non — ^indiviljlual self-ooifscjiousness — to which these* is no 
forerunner in mhy of^the previously Inumerate^ scie.n(»>. 
Stillf the methojjl^ and spirit of scientiifio enquiry, as exhibited 
in. these other, soiendhs, are of Value in the study of mi*d in 
» it^ psychical side. States df consciousness have degrees of 
intensity aifd duration*^ they are single or compound ; they 
• aid or thwart one another ; they have their laws of emergqpce^ 
increase, decline ; in all whfch particulars they observe 
analogies to physical forces ; so that the intellectual habits of 
accurately estimating physical agencies may, wiSh due allow- 
ances, be of service in dealing^ with the complications of ftiind« 
The two-sidbdness of the phenomena appears i% language. 
The terms of mind had all an objective origin ; and, while 
some of them have now an almost exclusively subjective 
meaning — as pleasure, pain, feeling, thought, sweetness, fear, 
conscience, remorse, — others have also an objective refeyeqpe, 
as shock, emotion, expitefcient, avidity, irritation. In these, 
la^, the language ^s ambiguous ; we cannot always tell 
whether the physical or the mental is aimed at. There is, 
morover, a liability to represent the mental fact as a physical 
fact. 

OihtT Notions of Psychology, 

Consciousness, — The most difficult word,in the humau vc/ca- 
bulary. It concentrates in itself dl the puzzles of metapB J’sics. 
If it were strictly synonymous witlii^Mind, it would be defined^ 
accordingly. ]5ut the object, or extended world, is insepat^ble 
from our cognitive faculties ; so that ‘a wdrd that* expresses 
eVery conscious state whatevef is wilier than mind, strictly so 
call^ ; it comprises both matter and mind. Hence, if ^ con-i 
sciousness ’ be the name for.all sentient states, it is the widest 
word that We can dmplo^, in f^tet, there is no meaning cftrre- 
sponding to it ; like Existence, it is a fictitious addition of i^e 
two highest genera. * To state these separately, we must have 
the dotfible epitjjets Subject-copsciousness and Objtct-co^ 
sciodsness ; which, however, give pnly the meanings — pbjaj^ 
and Subject. ^ • 

Sensatioy^-^h. word with several distinct meanings, "'in the 
firiSt place, it may ei^er covey the physical operations con- 
nected with the exercise of our senses, or it may be restricted 
to the pi^ely mental state arising therefrom. ](n the next 
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place, iri^smucb as the senres give us^^elings in tke purest 
form (pleas'ares and gains) and also in tellectual discrimina- 
tions, the ‘ground work of our ideas,— 4s^ration may be used 
for eitlier class, r/ In the third place, there is contrast of 
Siasation with Percuption, or between the iipfimediate effect 
on the mind, and the associated effects ; cc)pur and visible 
magritude are sensations, distance and true magnitude are 
perceptions. ' ^ « 

<. 1?he special modes of sensation, together with muscular 
feeling, are ultimate states of the mind, to be defined solely 
by indi vidua) reference. Resistance, Motion, Warmth, Diges- 
tive Sensibility, Taste,' Smell, Touch, Hearing, Sight, — as 
states of feeling, must be known by independent experience. 

E% lotion . — The emotions are a department of the feelings, 
formed by ‘.he intervention of intellectual processes. Several 
of them are so characteristic that they can be known only by 
individual experience ; as Wonder, Fear, Love, Anger. These 
stand very near the ultimate elements of human feeling. 
Many, however, are evidently derived ; such are, in an emi- 
nejit degrees, the .^sthe'eic and the Hthical emotions. 

Phases -of VoVdion , — The definition of the Will, or Volition, 
is a pfirt of the definition of mind as a whole. Will, as con- 
trasted with Peeling, is a unity, indivisible. Yet, there are 
various aspects or modifiq^tions of it, that receive names. 
fifotive is the feeing that prompts the will in any ope case *, 
the motive to eat is the pain of hunger, or the pleasure of eat- 
ing, or^tbe pain of defective nutrition. Deliberation supposes 
conflicting motives. Resolution i9»a volition with the action 
, ^adjourned. Desire is ide» 2 ). volition, either, as preparatory to 
the actual, or iuolieu of it. Belief is preparedness to act, 
for a giveii end, in a given way. , 

Intellectual States. — In the Intellect, we have three fun- 
, damental processes — DiscHmination, Similarity, Retentiveness 
^‘^or Revivability ; all requiring actpal experience in order to be 
understood!. Discrimination'm^riothbTyfOT;^. for the fundamental 
fa^t called Relativity and also Contrast. Similarity , or agree- 
ment in difference, is a distinct fact of the mind ; the sensi- 
ii^ility corresponding to it is unique; and it is one of the most 
iS^rate^ of human experiences. Betentiveness and Revivcioiliiy 
de^<^t^8 a great characteristic of our piental nature, for which 
we haie other designations, ^ Idea^ Memo)% Recollection ; it 
can be defined only by reference to gctiial experience ; •^al- 
though the figurative words— retention, revival, resuscitation, 

I seem to be a definition by the medium of other notions. 
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The complex intelkctual* facu]ties — lieasQr4*^ Imagination, 
&c., are defined each/by its proper department ^of exercise; ! 
thus, Reason is the ^(^wer of drawing conclusions* from pre- * 
mises, or the scientific feiculty. To this ^Jefinitiou^ ipay bo 
appended, as a r^al pqedic^e, the derivation from the ultimiFtiB 
intellectunl elements jilst hained. ^ 

psychology cf>ntai 4 S scope fdr Classification, both accoy^ding 
*to Logical Di^fision, and according te Ramification or Oompo- 
siMon. Th^ ultimate •sensibilities — namely, the Senses, *thp * 
elements of Intellect, a#d the Simple Elnotions — are classified 
es genera and species, and e^^cording to Logical Division. . 
The compound faculties and sensibilities, as flae popularly « 
named Intellectual Powers, and the Complex Emotions, are 
classified solely by Ramification ; thdir classes do not c«vnpl 3 j^ 
with Logical pi vision. 

PropiMtiom of Mind, 

7. The complexity %i many of the Notions of Mind 
^ves^rise to Essential Predications. 

Jkfind itself being defined (positively) by the uniSn of three* 
distinct and irresolvable characteristics, there may be proposi- • 
tions affirming the concomitance of these three facts ; as 
Feeling is accompanied with. Volition and with Intelligence. 
When we say that Mind (as a wlfble) feels, ^jn^ills, remembers, 
we give m. verbal or essential predication. * , 

So with many other notions. Such simple feelingi| as feAr, 
love, anger, if defined, wouM hav^ a plurality of circumstepces. 
That su^ circumstances are unit^, may be a real predica- ^ 
tion ; but when ahy one of themes predicated of the name, * 
the proposition ii(* essential. ‘ Anger, maizes one (delight in 
retaliation * is & purely verbal predication. 

Our common talk on mind is full»6f Essential propositions. 
His Vices were condemned, his virtues praised. Prudences 
keeps a mai^ out of dlfficujttes. ^The strongest motive dster- 
mines action. • * 

8. The conjunction of Mind and Body is a real ]predi- 

cation^ it being understood thfit the definition of Mind ijK^ 
restficted to subjective facts. . i 

This holds tbroughorft the detail of feelings, volitic/lis, and 
thoughts. • When the name fpr an emotion is the subject of a 
proposition, and the Physical ’accompaniments are affirmed; 
the predication is real : — ‘ Fear depresses the vital organs * is ^ 
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an affimatiop of concomil;^.noe. ^ Ti)^ hop6 of the rewari 
<iuickened his speed ^ conjoins a motivo;to the will (a fooling) 
with the bodily part of a voluntary aqk 

,9 ' The three deading functions/ given as the Definition 
Intellect {Disc^mination, Agreehient,'’^Retej\tiven6ss), 
are unfolded in predications, 

TUat Mind discriminates is an Essential proposition ; yet the 
fnK account of the fact of Discrimination, Relativity, or C^n- 
irast, demands numerous propositioK^l statements, many of 
them real. Not to re-iterate the double-sidedness of every 
mental fact,^the conditions, circumstances, and limitations of 
■each of theca leading properties are enounced in propositions 
that are in no sense verbal. 

dl ThM, we speak of the law of EelatlvUif^, expressed as 
the concomitance of consciousness with change of impression. 
This is the general statement ; and constitutes a real predication 
by virtue of the distinctness of the two facts— change of im- 
pression (physical, in great part), and consciousness (strictly 
mental).'’ 

^ "(2) Retintiveness, BevivahiUty, dontiguous Association^ are 

. nafees for a fundamental property of mind, which in its expo- 
sition*‘takes the form of a law. A certain condition or situa- 
tion has to be assigned (the reception of present impressions), 
and to this is a^itached as 'a real predicate, the property of 
"being retained, revived, remembered. The various modifying 
cirpumstances (engagement of attention, physical vigour, &c.) 
are fcSf' propositions in subordination to the main principle; 
It is a grand generalization, resuming, explaining, and reo- 
rder jng precise the media\xiomata of acqdisit-on, as regards 
intellectual growths, emotional growths, and volitional growths. 
Under it are given numerous a^ffirmations as to the derivatioju 
of complex phenomena fivjm simpler, the unfolding of thoughts 
rand emotions, and the evolution of the mature rnind frohi its 
priipary elements. This is commqnly cs-lled the Analysis of 
the Mind. ' The proof of suc^i assertions rests partly on the 
ectosciousness of the hearer, and partly qp indirect reasonings. 
Thus, the proof that Beauty is a compound, and not a simple 
‘^^moticfti, is that we can consciously identify its oonstitijents. 
Tire «fme with the Moral Sense. The indirect proofs are, the 
absltJ^' of the Peeling prior to certain*^ opportunities of mental 
association. (See §12.). 

. (3) The Law of Similarity ^ or Agree^^ent Difference,* is; 
Tor tlie same reas^ons, an inductive generalizatiqn of real 
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jconoomitad^e. ‘ Preseafe state* of feeling, &o., tend to revive 
their like among formJr states, notwithstanding certain 
amount of difference.*/ before, thercf are require^d many 
subsidiary* prc^sitions to ^xpress all the qualifying circum- 
stances of this wi<3j0 generality. • / * * * • 

Another tmportivit lawi of the mind is sometimes describc3 
as the* law of the^Fixei Idea^ napiely, fliat ideas tend to Act 
j^hemselves out ; •as when the sight of yawning makes us ya^n, 
merSly by giw^g ns the idea of the act. • 

• ^ 10. There may be iSws* of the rise, continuance, and 
subsidence of Feelings. 

The connotation of each distinct mode of teeling, whether 
sensation or emotion, indicates both its character as feeljng, 
and its mental antecedent. The laws connecting mind and 
body, predicate its physical side ; the laws of Relativity and 
of Retentiveness contain aaditional predicates. To all these 
may be added inductiqns so the rise, continuance, and* sub- 
sidencb«of Feeling ; which laws, like every other,*havo a physical 
side, and may possibly, on Jihat side, generalized ihto*still 
higher laws. • 

Like all sciences where sitnple elements contribute to forta 
compounds, Psychology contains affirmations respecting the 
composition of feelings and other states. The assertion is 
mdde, for example, that Beauty, C(?nscience, Imagination, are 
not simple facts, but are compounded of certain assignable 
elements. 

Among^the ordinary predicatiops respecting living TJhipgs,, 
we may mention the passing of the various capabilities Into 
action. This extends to mind. I wrffk, speak, reason, wonder, 
desire, &c., ar^ exajnples ; to all such beloi^s the jreality* of 
pi^dication. * ^ * 

• Logical Methods of Psychology, 

Vll. In Paycholo^, special ^portance attaches to the 
ultimate Analysis oi the phenomena. * 

, * \ * • 
In all sciences, we desiderate an accurate and thorough- 
going analysis o£ the phenbmemi. It is only •an ultimata 
analysis that can be the groundwork of the most gener^ pr^ 
positions respecting them! * • 

In proportion to the difficulty, of ascertaining and proving 
tbe*faots in^deta^il, is the value bf an ultimate analysis, whereby 
we can reduce to a fninimaux the number of indepehdent' 
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assertions. .'When we know tVe component parts^of an Bmor 
tion, for example, Beauty /the Moral Jentipent, or Veneration^ 
we can apply our experience of the psypts to correct and con* 
firm our experience of the totals. ^ ^ 

ii ‘'The pi^ofti|>f a Psychcflogioal Anglysis is (L) the 
feeling of identity between the c6mpoifpd and the parts. 
This must be a matter of iudividual self-cpnsciousness^ . 

t That the Moral Sentiment contains a feeling of obedience 
‘ to authority, under dread of punisl!«ment, ’iB proved by each 
orve’s being conscious of thp presence, in the compound, of 
that speciait element. 

*13. An*^ Analysis is proved (2) by 'the identity of the 
consequences and collaterals of a feeling. This will 
afford anr? Objective proof. 

That the Religious Sentiment contains an element of Fear, 
is proved by identity in the Expression and the Actions 
dictated by the state. ' * * 

“.li- Tlje greatest 'difficulty is fplt in establishing the 
sufficiency of an Analysis. ,, u 

This is a difficulty in all cases where there is gi'eat com- 
plexity in the phenomena. We may identify the presence of 
certain elements^, without **'being able to show that these are 
• the whole. Where the quantity of the elements can be 
measured, as in Chemistry, we can prove the analysis by 
eastin'^' up their sum. Where quantity is not exactly esti- 
mable, as in manjF biolopoal facts, and in nearly all psycho- 
' lo^cal facts, this check indecisive. ‘ 

For example, '^ome have maintained fhat Benevolence is 
exclusively made up of seli^ regarding elements. Others, 
while* admitting the presence of these elements, deny that 
f they account for the whole. Owing to the vagneness of our 
estimates of quantity in ini?jd, the dispute cannot be decidtd 
by a process of summation^ in ordinary cases. We must 
proceed by varying the circumstarfeesj* and by finding 
instances where self-regarding elements are either wanting, or 
^^wo smcfeil in a'lnount, as to be obviously unequal to tlfe 'Bfiect 
pxpdo^d. Such an instance is found in the pity called fortfi 
by punishment of great criminalsr 

15. The Inductions bf Mind bringr,into play t]ie Exp'bii* 
tnent&l ‘Methods. 
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* The grea?^Law Concpmitafiee of Mind and Bgdy most be 
proved by the Method of Agreement We must'sjiow that 
the whole of the facts^of t^ind — Peelings, Volitions, Tlv)Ughts, 
are at all times^ accompanied by bodily processes. The ciwe 
has SQmething of Jjie peculiarities of the* Jlaw of Cau§a£ion^ 
We can prdve theiConcAnitance in a vast number of cases;, 
while in many mSntal exercises, ^s in meditative reflectioh, 
t^e physical processes almost, escape •detection from thSir 
subtlety. These instances, however, although unable 
confirm the proposition, %re not opposed to it ; and* they 
(fo* nothing to invalidate the fcyce of the unequivocal in- 
stances. . , • 

We can do more Aan establish a law of cencoaiitance of 
>mind and«body generally. We can, by*the methods of Elimi- 
nation, ascertain^ the exact bodily processes conne^ed with 
mental processes. On this determination, we can nring to 
bear all the Experimental Methods. 

The Law of Relativity is established by Agreement, and, in 
*a remarkable manner, by Concomitant Variations. 

The Intellectual Laws, cayed Retenti^eness and Similarity^ 
are ®Btablished, both in*general terms, and as respt?bts theff 
peculiar conditions, b^all tbS methods. 

16 . From the circumstance that, in Psychology, we have 
attained to laws of high generality, there is great scope for 
the Deductive Method. 

While every one of the great laws above enumerated ia 
fruitful in, deductive application^ the instance that pb^b^-ps 
best exemplifies the Deductive Method of enquiry, considefed 
,as a supplement to Induction, is thertiaw of Conservation or 
Correlation, applied? to Mind, through the physical i^uppor£s. 
By, this law, every mental act |;epresents a definite, although 
not numerically expressible, physical ^expenditure, which must 
be borne by the physical resources of the system. The deduc- . 
tiye consequQpces o£ tbis,fhct |tre innumerable. A fgw 
'mstances may be briefly suggested. Great mentaPlabour or 
excitement is accompdliied by corresponding physical wastc\ , 
which is so much subtracted from the total of the p^sical 
forces* afailable for the collective* necessities of the system. 
Again, great expenditure iq one mode, of mental exertion, Jf not' 
at the expense of the mofe properly bodily functions, iSj^ lJhe’ 
expqpse of dther mental functions*; and sa on. Now to such 
cases, we may apply tllb deductive process, in all its stages ; 
there is a pjrior Induction, there may be a process of Calcula- 
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tion 80 far the case adr^its ; *there should be a Verificatiouv 
both froip isolated facts and from empirical laws. 

Theses Deductive itl)plications are ^ valuable check upon the 
lopse empiricisms so abundant in < the treatment of iniiid, and 
pe the best testiil^ny to the u£,e of *a sciegoce of psychology, 
in epite of its imperfections. There-are epapirical generaliza- 
tions on the points just allucjed to, namely, tne incompatibility 
of^great expenditure in one direction of effort, with great 
expenditure in other directions. Now, by the Itaw of Cohser- 
vatioiH such empirioisms receive theii* definite limitations, and 
the exceptions are fully accqnnted for. , 

< 17. The P^cbological mystery of the union of Mind 
and Body is the severest test of logical Explanation. 

Enougijj' was said in this hed^d, under the chapter relating to 
Explanation. < 

Empirical and Derivati'^e Laws in Mind, 

18. There^are in ^ind many Empirical Laws, but, as a 
eonsequohce of the attainrnent^of diigh generalities, there 
^re also Derivative Laws. 

From the complication of the physical adjuncts of mind, 
considered as the culmination of Biology, we may expect 
many of the ILduotions to be purely empirical, and as such 
narrowly limited in time, place, and circumstances. 

' T|i 3 ^ phenomena of Dreaming can be stated only as Empirical 
Laws, with a certain aid from hypothesis. 

We have only pure ei&piricisms to express the operation of 
stimulating drugs upon the emotional states ; whereas the 
laws that state ^he Operation of food or m'afrimeut can .be 
derived. 

Hence, a very great number of the inductions of miud may 
be traced as Derivations of these higher laws, whereby 
attain a greater certainty ftnd compass of application. 
the rules for aiding memory are easy deductions from the 
great law of Retenliveness. The effects of Novelty, and Con- 
trast, ^re derived from the ,Law 6f Relativity. » ^ 

Strictly speaking, the. supreme laws of mind— Relativity. 

* Retdbtiveness, Similaidtj^, are* but a high order of em- 
piridfems. They are not, ultimate la.ws of nature, like 
Qi'avity and the Persistence, df Eorc4>. They ai;e, however, 

* €xha?ustively verified through the wh6le of min^, j and are 
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applicable A accordance with ihe extent* of their verifiop.tion. 
We properly treat them as the highest or ultimate ‘laws of the 
department, and emplpy. them deducti^iely in tricing out 
derivative^laws, 

I 

• nypotneses m Minaj 

19. TThe princifjal e^mples of Hypotheses, in the logical 
i^hiSe, are to be found in the great paoblems of analysi^— 
namldy, Innate Ideas, External Perception, and the Wilt 

• .Perhaps the instance most in point is Perception. On tl^is 
subject, there prevails the assdmption of an independent 
material world and* a series of independent mind^ brought 
into mutual contact ;*an assumption th^t has t&e great recom- 
mendation of easily and simply expressing all the comiAon 
phenomena. It*has, however, the serious drawbaolPof being 
self-contradictory ; whereat the view that avoids the con- 
tradiction is lumbering and unmanageable in its application to 
, exprese.the facts, and nencS the backwardness to receive it, as 
a substitute for the other. • 

T^is is an extreme case flf a hypothlsis believed ‘aolely be*> 
cause it squares with ,the appearances. Not only is there an 
absence of proof otherwise, but there is flagrant self-contra- 
diction, which ought to be considered as a complete disproof, 
Among the unexplained phenomana of mind, we are to in- 
clude Dreaming. One hypothesis on this siJbject is a real 
cause, namely, the partial activity or wakefulness of the brain. 
It is a fact well established that the brain may be either* ali^e 
or dormant in all degrees. Now if we assume wakefulness in 
tertain parts^ ai^i dormancy, in otbifl^s, we may account for 
* many of the appearances of dreaming, somiambulism, ahd 
mesmerism. The hypothetical element Is tlfe selection of the 
parts, namely, the senses, and the centres of voluntary move- 
ment.* The coincidence of the facts with what would follow 
on^is assumption is a considerable probability in favour of the 
,JJypothesis. 

It is a well-known feet that when a chain of ideas has oftep 
passed in succession, and when the last link of the chain is 
more^important than the irftermediate links, we pass aSI once 
from the first to the last, the others not appearing in conseious- 
ness at all. The oblivion has been the occasion of virions* 
bypothesesji ( 1 ) According to Stewart^ the intermediat*^ steps 
are*pas$ed^so rapidly »s to b% ,forgo£ten. (2) According to 
Hamilton, ^it belongs fo the class of latent mental processes 
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(3) According to J. 8. Mill, tb^re is a direct assock.tion formed 
between the first and the last, and the others disappear alto- 
gether ffom the cl?aiu. All the three suppositions refer to 
real agencies ; all might operate in the \jase suppCiPed. Con- 
sefque'iitly, ther ie^ision turns upon whether the effect of any 
'‘one is exactly eq^l to the effect ol^servedf.’- A1 leaving for the 
standing difficulty (k computing mental fDrees, we may say 
that, on the whole, the last most nearly coincides with the 
phenomenon. ^ ^ ^ ^ 

Th^ exact character of the hums^ mind at birth is a hypo- 
thesis of the second class of scientific hypothesis, a fictitious 
representation that has no groundwork but fitness to express 
the subsequent manifestations. 

The minds of othe? human beings and of animals are con- 
ceived by os hypothetically as expressing the appearances upon 
the anallgy of our own conscious experience*. 

Chance and Probability in Mind, 

20. The complications of the^" phenomena of Mind pre- 
vent Us from attaining laws of universal application. In 
Uiany instances, we must state oUr propositions as more 
<i)r less ^Probable. 

The influence of Education is not in all instances certain. 
The Law of Eetentivenass is sure in its operation, but its 
various complfoated conditions may not always b© complied 
with. A training in good conduct, in most cases, but not in 
all, fiQ^kes a good moral character; a training in vice ih 
generally, but not uniformly, pet verting. Adversity, in many 
instances, but not in all^mproves the deposition. 

LOGIC OF CHAEACTKK 

21. The Science of Character has reference to the 

proportionate deul^meni of the sensibilities and powers 
ii\ different Individuals. ^ It "presupposes the Scienw^ 
Mind. " ‘ ^ 

I t O 0 

Human beings in general have cei^tain susc^tibilities tp 
Feeli<;g, powers of Volitio^, and aptitudes of T^bo^ght ; all 
which possess degree, apd may be unequklly manifested in 
diffbi^ent persons. Heime, an individual mind is not snffi* 
cient^ described by its participation of qur universal mepiai 
nature ; but must pe rdpresented according to the^proppr|lq|l« 
ate development of the several FeeKnga, Ac*, 
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tumanity. are all liable to Fear; we all possess T^lnder 
Affection ; but some more, some less! 

It is impossible to state these peculjarifcies of character 
except in the language appjicable to mind universally ; or to 
analyze a char icter, without bftving first apj^yzSd the mind.* . 

The basis^ of aify, Science of Character must, therefore, hi 
the ulflmate anal^is of the Mii^d. TKere should be ascer- 
tjihed, as far as pbssible, the native and, irresolvable Feelings, 
and the attrijjutes of Vc^ition and of Thought, If a mini 
were like a mineral, tha#stat©ment of the degrees of /these 
v*arious fundamental attributes ^onld be the account of a 
character. But the mind is a thing of indefiniie growth, 
adaptation, acquisition^ ; its first cast is greatly >altei^d before 
•the end ; and, as what we usually desiderate is the character 
of a full-grown jjnan or woman, >we must provide an account 
of the acquired, as well as of the native powers. 

The proper view to jake jof Phrenology is to regard it 'as a 
•science* of Character, accompanied with a theory of external 
indications. It furnishes a^professedly^ultimate Analysis of 
the Mind. It farther endeavours to connect eacll mentai 
power or susceptibility with*a local habitation in the braitf, 
outwardly manifested by the shape of the head. This ijddi- 
tion, although highly convenieni, is not necessary to constitute 
a sdience of character. 

22. In the description of characters, there is obviously 
wanted a scale of degree. 

The diflfcnlties attending fhe quantitative estimate of mmd 
are a serious drawbatok in the scienc^f character. Yet it is 
* impossible not to nijtke the attempt to distinguish more and 
less in the varibds mental attributes. * * 

The ordinary mode of procedure is,this. In each separate 
pecujiftrity— emotional, volitional and intellectual — we form 
wv Estimate o| the general ^a^erase of persons known to ns. 
ri^i^Qve and below this average, we^ise the indefinite%djectives 
of quantity, — much, gieat, very great, smajl, very small, defi# 
eient, and so on. 

Tba ssale of Pk^nology itcludes a wide range’of decrees, 
iprobably beyond what cap be practically discriminates and 
ag^dupon. , • * • ’ ^ 

^ Our most cofrect/ appreciations of qu^tity in mina, rest 
upon an olgectiye basis. Tb&a, a slow learner can be corn- 
ered with, a moderate*dr a quick learner, through the iedgthi 
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of ti^e required hf each fo|* a given «*amonnt^, of acqui- 
sition', This objective ‘ method admits of a considerable 
amount of precisiop, and is the chief hope of attaining 
quantitative accuracy in the Scierjce #if Mind. ^ 

^ ^S.*The nalivtii /Elements of Oharactef would be. cdn- 
yeniently represented under the ^three-^heads'*^ Activity, 
Filing (Emotional), Inteliect. 

' The detailed account of these elements is the, adaptation of 
the psychological analysis of the mirid, to the statement of the 
basis of character. " 

The melital elements might be prefaced by an account of 
the important physical organs implicated in mental processes, 
so fiiv as regards their physical characteristics. The Brain, . 
the Mufijcular System, the Digestive System, &c., of each 
individuS, might be regarded, iq the first instance, from the 
objective side, or as viewed by the physiologist and physician. 
These organs have all bearings, direct, or indirect, on character. 

In recounting the native elements of Activity, Feelifig, and 
Thought, we need to single out for special consideration the 
Intellectual Retentiveness, as being the expression ofij the 
|!»ossibilities of growth, acquisition, or education. This is the 
foreinost law of mind, with reference to the moulding or 
Formation of Character, the means of transforming the vaiious 
native tendenqjps into an^xirtificial cast. The educability 6f a 
character needs to bo looked at by itself; a thing only to be 
'determined by actual experiment of the progress in given cir- 
cusLstances. The schoolmaster, /ifter a certain length of pro- 
bation, judges whether ^^pupil will succeed in Mathematics, in 
Language, or in Drawing. " 

24. In estimating Character, whether ‘in fact or in 
expectation, we must, nevel drop out of sight the Law of 
(Conservation, under the guise of the Limitation of the 
Powers. 

The accurate judgment of an individual either as exhibited’ 
at any one time, or as regards the possibilities of transforma- 
tion, jiust depend upon the precision of onr allowance for the 
Lim|fiition of the Powers.* Dealing with" persons avdragely 
constituted, we cannot eipecf a development above average 
in o»b region without a falling off in some other ^ and so on, 
through all varieties of assumption to the extent of the 
powers on the whole, and as*to the preporticrna of each. 
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25. rhe subordinate laws of UHaracterare the statemea. 
of the operation of Oiroumstances o«i the Formation of 
Characteft\ These iflustl3j handled in detail, under the con- 
fluent lights\)f aQtual ^peaience and of j^he^superiof lawj. 

Tb^ circumstcmees that influence character are various and 
i^iexhaustible. ^hey ^ord a w^de exempliflcation of Indue- 
4ion coupled with Dedactioi»— Empirical Laws transferred 
into Derivative. They illso exemplify the prevailing laxity in, 
Jbhe use of the method of^greement. 

The leading oircumstanoes arc^suoh as these 

I. The phydque of the individual, viewed from^its purely 
physical side ; the dbmparative strength or weakness of the 
different physical organs. A whole series of oonsequemces 
to the oharacteiP follow from thfe purely physical endowments. 
Great muscular strength gives a certain direction to the activi- 
ties and pursuits, whatever be the proper mental tendencies. 

II. ,The physical treatment of the system, in all that regards 
nourishment and the adjuncts of health. Tllb consequences 
of these are the greater or less total of Ibroe, to'be djstribut^ 
amdng the various function^ including the supports of mind* 
Climate, town oi^ country life, poverty or affluence, indulgence 
or temperance, are obvious elements of this computation. 

in. Natural surroundings^ Its tlmy affect the mind — the 
activities„feelings, or intelligence. DifferenceMhave often been 
pointed out as between mountaineers and tenants of the plains, 
between sea-faring nations and those in the interior of ^onti 
nents, be^een rural and virban* populations. Not flftioh* 
precision has as yet been gained i^ the expression of those 
differences. But, if^tudied % the double method of induction 
and deduction,* ihey may yield important laws. * 
it is a clear deductive truth that variety of impressions must 
enlarge the compass of the intellect. *)tis not so obvious what 
wil]4}e the eflbcts on the feelings ; the aBsthetic sensibilities, 
lot example, are not qpickehed by nature alone ; they usuirily 
^eed another stimulii^. Incessant familiarity with scenes of 
grandeur has less efeot (on the Law of Bdativity) than alter-* 
nation of these with others of a tamer sort. » % 

IV.* Modes of* Industry f or habitual occupation, gjve a 
notorious bent to the ohs^ter, Ttie effects of ocoupatipn or. 
profession bave*been a subject of frequent observation ;*«iany 
of the consequences bemg apparent. 'The* soldier, the sailor, 
the tiller ol^ the'grouua, the trader, the priest, have each tbe ■ 
Stamp of tfleir calling. 

19 
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V. tTie Stirronndiag Society moulds the individual as to * 
feelings, and as to modes of thinking, in ways too numeroug 
to exhau^st, but yet capable of bein^ staged with remarkable 
precision. The it^ductive empiricisms on the cue tiand, and 

/ the. deductive prinft{)les, on the otherj consp’re to express the 
remarkable assimilatbn of the individual to the society, 
while it is not difficult to point out its limitations, the circum- 
stances being given. The religious, ethical, and politica! 
opinions of each person are, in the ‘'great .mass Hof cases, the 
ei^act reflex of what prevails in the s^lciety about him. 

VI. The^ express Educatibn given by the schoolmaster 
should bo added to the moulding influence of general society. 
This element admits of being clearly 'stated. A people 
soriV; regularly to school like the Scotch, or the Germans, 
acquires distinct superiority of intellecl/ual and moral 
character. Under this head, attention must be paid to the 
educational influence of Institutions ; &*b, for example, an 
established church. 

yil.^ The aifiount of Liberty permitted to individuals "'by 
the state; and by society, has a -vast influence on character. 
The revolutions that have achieved enlargements of individual 
freedom, as the Protestant Reformation, are experiments of 
Difference, showing the impetus given to progress by Liberty, 

Political freedom is not exactly the same thing as Self- 
government, buTi is not complete without that addition. This 
too is an instrumentality for moulding the character. 

• YtK. Many Social Institutions, I^ws and Customs, apart 
' from the general fact of* Freedom with Self-government, 
exercise on character a| influence that may be studied and 
assigned. The .tenure and descent of Property, the Marriage 
Laws, itnproved means of Gommanioation,c> are obvious, in- 
stances. c 

Prom the foregoing remarks, will sufficiently appear the 
Notions, the Propositions, and the logical Methods of the 
sdenee of Character. It'^f^ill be^adyisable, fiixther, to note 
jbhe heads of Glassiflcation ; which will serve as an impoftan^ 
preparation for thd Logic of Politics. “ ' 

Classification of Cha/raetm. 

2B, The claesificatihn of. Chttsacters is nofc a proper 
olasification aocQrding to.the Natural Hisioryt mode. 

W| ■could not, except by A useless jpetion, arrange charao- 
,t0rs in Ofders, (^nera and Species. The real distinction he 
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iw:een cnaraotei^s is expressed by ihe higher or iowei' degree 
of some one or more of the ultimate elements oi* character. 
And we do not %d characters agre^ng in a plurality of 
•common' attj^ibutos, exco{#ting so far as thd^levatioc. of* one 
pecjiiJiaritv impjjes tho«tiept^ssion of soA/ others ; and heitc% 
we have no basis*of generic or specific^greements. The only 
possible way of giving an exhaustive ^count of characteys is 
j to assume by turns a higher degrdb of each peculiarity — 
Adlive, Envctional, InttfLlectual, and to state the appearance^ 
connected with that; Whence by obveAe inference we could 
father the concomitants of the low degree in each case. 
Thus, we could indicate the general consequences of an unusjial 
pitch of Natural or*Spontaneous Energy; oT the* Emotional 
Temperament on the whole, and of any of the special suscep*^ 
tibilities to Fetling or Emotion, as Organic Sensibility, Sight, 
Tender Emotion. 

There is no limit to the possible modes and varieties of. 
character arising out*of the conjunctions of different faculties 
in excess or in defect. These conjunctions, however, .must be 
governed by the laws of th^jir elementa; so that they expla^p.- 
tiofi is purely deductive, under the check of actual cases. . ^ 

27. The details of Character are thus the account bf the 
separate peculiarities, follov^ed by the analysis and expla- 
nation of such select conjunctioils as are ^’ten found, and 
are of practical importance. 

Under^the head of Action, we have important vari^foEb — as 
indolence, general or partial, fitfulness of energy, and steady 
persistence. The* Emotional character is yet more varied ; 
under it we have f|ie dispositions expressed jby sensqal, sensu- 
ous, sociable,’ ^'everential, irascible, egotistical, and so on. 
'fhe aspects of Intellect are more.tiumerous still; general^ 
abilify, general stupidity, aptitude for language, for science, , 
for"^ art, for businesSi an(} fiany other still more special mqgi^<3. 
The attributes involved under Conscience are a Very mixed 
product. That pradof|iinance of the Love pf Gain — manifested 
from andent times by the Jews, and in modem time&L by the 
English, and the peoples ^sprung from them—onght to be 
traceable to constitutional foundations coupled with c&cum- 
stances. The sense of ^iJignity, united with respecter the 
Forms of Law, and .the regard to*the Practical and Concrete — 
as combins^d in the andeut Boman — offer an interesting sulyect 
fyv analysis and explanation. 
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The distiucti ve characters of the Sexes are to be sought 
by the saifie analy tio,^ procedure. These refer us to physical 
foundatidns, as well as to mental elements and to the opera- 
tiptf of circumstiincps. * 

K ^T.he problems of Character take a ptactioal^jihape in Eduoa- 
tioB ; being an enquir^^into the means of moulding character 
according to prescribed types-^ Active, Bmotio;ial, Intellectual. 
Tfee experience of the educator is the verification of the 
'deduce^ maxims. , . 

JJnder the Logic of Politics, there will be a further oooasion 
for applying the science of character. 


CHAPTElf VI. 

SCIENCES OP CLASSIFICATION. 
Mineralogy. 

1. -Mineralogy is a Concrete, Descriptive, Classificatory 
science, referring to the solid inorganic constituents of the 
globe. 

A Mineral is defined as a solid homogeneous body, 
having, a definite chemical composition and a definite 
crydmline form. 

Mineralogy brings foi^ard no new laws or operations. It 
merely applies i^athematical, physical, aqd cSiemical laws to 
the inorganic solid constituents of the globe. , Moreover, it is 
not so much engaged in tracing physical sequences as in 
/ arranging and cljaBsifyin|g the multitudinous materials we find 
‘ in the earth’s crust. Its laws are laws of oo-existence. as 
Go4nherence of Attribute, w ^ v . 

The science of Mineralogy is in close connexion witli^ 
Cftiemistry. Had Chemistry attained ‘ its present advanced 
shape ( «t an f^arlier period, there !?iight have been no separate 
soienoe of minerals. But fdr the compreheilsive treatment of 
all . material elements whatsoever, c under Chemistry, there 
mighhbe an objection to the exclusiveness ofc Mineralogy, in 
refusing to take account of liquid and * gaseoti&f' bodies, as 
watenand air. Yet, seeing that all these are suffioiondy given 
in Chemistry* there is no need for repeating them, in another 
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floience ; and Mineralogy remins miis special ana resDriocea 
scope, ’which is to treat of substances presenting /iim as well 
as definite composition. • • 

The chief advantage of detaching Mineraldgy from C/hemis* 
try ifi to enable minerals to*be more fuM/ descqbed in thoir, 
minuj^ varieties^ End to be more comprehensively classiheil. 
The separation , relieves Chemistry of a burden, and allows a 
tffresh start in the process of classifying. 

l>efimU<m^of a Jliner ^. — Into the definition of a mineral,, 
.two main facts enter, anti these dictate the whole plan of the 
science : — Chemical Compositioit and Crystalline Form, "^s 
regards the first point, minerals are either simple bodies .or 
obemical compounded and as chemical compounds, they must 
be homogeneous substances, and not conglomerations of, 
difierent material like a piece df pudding stone or granite ; 
such conglomerates are nat minerals but rocJf^ ; quartz is a 
mineral, gneiss is a rock. 

As regards the second part of the definition, minerals have 
aSefinlte Form; a fact associated with their homogeneous 
character. The simple^ substances in^their jftirityi andf t je 
definite chemical compound^ when in their highest degree pf 
consolidation, assume definite crystalline shapes; and the 
occurrence of these shapes is a further guarantee of the homo- 
geneous nature of the mateHal, j^llowance being made for 
the property called isomorphism^ or the erifttence of similar ^ 
forms in different materials, which permits of their orystalliziner 
together. 

The definition excludes clay, sand, and soils, these boiifg^for” 
the most part heterogeneous, as well^aB formless. 

The deposits* frqm organic bodies, as qoal, amber, and 
mineral resins. .ard improper minerals; they have neither 
parity nor form. 

I. Arrangemeni of Mineral Characters. 

2. The exliaustivA stdt6menl?of Characters, in Mindl’a- 
logy, is substantiallj^the same as in Chemistry. , ^ 

Under the Logic of Oheqiistry, we discussed the gjiiding 
principle of armilgement of characters, namely, to follow the 
expository order of the properties : ’from which was dejiuoed 
the following sequence. 

L CrystdUim Form, 

II. Optiml properiief^ including Refraction, Double .Epfrap- . 
tiion and Polarization ; Colour ; Lustre. 
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IIL ‘ Specific Oravity, 

IV. Ookesive properties, namely, Hardness, Tenacity, Elas- 
ticity. To these three heads are reducible Brittleness, Duc- 
tility ; MalleabiKty. ’ 

< ^ y. Adlieskn. means the coj^sive 'imion gf different 

substances, without cV emical aflB.nity ; the** treading cases are 
solutions, alloys, ana cemeiHs. It jiiight he the head for 
ei;itering the composition of those bodies that are treated as 
^ alloys and not as qhemical compounds. . The 'isomorphous 
unions are of this nature. ^ 

VI. Relydons to Heat. Hate of Dilatation by increased 
temperature ; Melting and Boiling points ; Conduction of 
Heat ; Specific Heat ; Radiation, AbsorjJtion, Refraction, and 
Polarization of Heat. This is the exhaustive array of proper- 
ties havirf^ reference to heat; and probab^ includes more 
than the mineralogist is ever accustomed to state, they being 
unknown for the greater number of minerals. 

VII. Relations to Electricity : — Magtietic property ; Con- 
duction or Isolation of Electricity (Frictional and Voltaic) ; 
place in the Electric aeries, from Electro-positive to Electro- 
negative; place in the Thermo-Electric series. 

VUI. Chemical properties. The mineralogist is not sup- 
posed to transcribe the whole chemistry of each substance^ 
For his purposes a selection is made of chemical re-actipns 
u'-eful in mineiUl testing. , 

Occasionally minerals have Taste and Odour. 

' Hcmw tar any of these properties can be related, by general 
*^lawV'of Causation or of Co-existence, with any other proper- 
ties, is an important enqciry falling under Molecular Physics^ 
and is not especially the business of the mineralpgiat. Such 
laws of (tonnexiofi as may be established, simplify the study of 
minerals, by making onq propOi'ty the index of another. Tttat 
there are such laws is certain ; several have been noticed in 
former connexions (Book IIL, Ol^ap. III. § 8). * These laws^ 
hoiilrever, do not, as yet, dis^nse with the separate statement 
of the properties above given, although they may givel to'' 
'seveml of them a derivative character. "" 

Theitfact ef there being l^ws of' connexion of the properties 
has an important bearing pn the next head. ^ 

TL Maximum of A ffinity" of MimraUf as ffiMmy their 

* . .Clamjipation, • ^ 

3. has to be seen what* classification of miaerals best 
9 om|lies with' the goM 
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To bring together things tfiat in common the greatest ' 
number of leading* attributes, is the first condition ^of a classi- 
fication. Now w(^ haye above enunlbrated eighty difterent 
groups orf mjneral characters ; and the quee^on arises, wh ch 
of rdl these should be the gi^undwork o&tiie arra.ngemeht*iuto 
clasps. * • ' *• 

There are t^ suppositions ^hat, ip true, would facilitate 
9 the decision. First, if by tj^e discfwery of laws of m4tual 
connexion, «iny one of Mie groups of properties were a kej* to 
, one or two other grou|PB, there would be a reduction of the 
1;otal number of alternatives. *Thus, if Crystallization were 
related to the modes of Cohesion, or i^ Electrical And Chemical 
properties were found to be allied, we should be ablft to assifme 
one of the allied members as represeilting both. ^ 

Again, if ai^y one group of* properties, by intryj^ic import- 
ance, and apart from the j.6Sociation with another group, had 
an obvious and marked predominance, such group would be 
properly chosen to give the lead in the classification. In this 
foinVof view, for example, the Crystalline arjrangement might 
be fairly preferred to either Heat or l^ectrioity. * * • 

•On both grounds, {)relerence is to be given t<t these iJ\vo* 
characters ; namely? Cheifiical Composition and CrystalKne , 
Form. Accordingly, these are employed a^ the groundwork 
of classification. Miuerah are first divided according to their 
Chemicjil Composition; and farther subdhq^ed according to 
their Crystallization. In the mineral collection of the Bi’itish 
Museum, arranged by Mr. Maskelyne, no other property, is 
employ od as a basis of division. , • 

In the older classifications, other characters were mad* use 
of. The syst^ of Mohs proceeded on Grystalline form, Hard^ 
lies8, and Gravity, Now, Hc^rdnefSy whicji we *may 

^otherwise express as cohesivq energy, must be a result of the 
moipcular forces and arrangemente accompanying cfiemics^l 
cotistitution and crystallization, and, from this circumstance 
alone, is peculiarly unsuitbd be a primary foundation of* 
classes. Again, Specific Gravity may likewise be' viewed as a 
result of the molecular arrangements, iinder which the witii- 
mate particles attain to gjeatei* or less proximity. 

^'h% arrangefiient of Weiss is»ia its chief basiS chemical ; his ! 
primary division into Orders i% governed by chemical •compo- 
sition purely :—Oxidiked SEoues, Saline Stones, ^Saljne Or^s, 
Oxidized^ Ores, N<ative Met^lsf Sulphurjstted Me ais,^Infiam* * 
mables.^ In subdivjRiing the • Orders into Families,, he brings 
into play other considerations. Thus, impoi'te.nce in the oou\- 
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position of roqks, or in fche geological stratification ofche globe, 
determines siach families as Qaartz, Felspar, Mica, Hornblende, 
Garnet. Again, the pl’ecious stones, or gems, notwithstanding 
diversity of chemical composition, a* remarkable agree- 
menl in’* such cfiarst;cj;ers as hardnwss,^ tenaci^, high specific 
"gravity witho\it metallic aspect, transparency, vivid colours. 
We may, however, faii/^ doubf whether ^eitheif 'of those tw6 cir- 
oamytanoes is enough to justify mineralogists in'departing from ^ 
the arrangement according to tfie great primary attributes — 
Compo&’tion and Form. In such cases,/\ supplemental arrange- 
ment should be made for the, specific object in view, without 
distorting tho one principal scheme. The geologist, to prepare 
for'describkig the stratification of the earth’s crust, may select, 
and array for his own purpose, the predominating mineral 
constituents. And, with a view to the popular interests of the 
subject, the mineralogist may brin^ together into one group 
all the substances that combine the most highly fascinating 
properties of external appearance. 

The arrangement in the British Museum can be briefly re 
ferred to,‘ as candying ouj the scheme according to Composition 
vand^Form.^’ ^ 

, The first division is into Native Elbmbncs, or Simple Bodies, 
and Cgmpounds. 

In arranging the Native Elements, there is an inversion of 
the usual order in Chemistry ; the Metals precede the Non- 
metals. This is owing to the predominance of the fact of . 

' Solidity in the mineralogical view of the earth’s constituents. 
T,be* metals, therefore, ^ome first of all ; and in deciding 
their** arrangement among themselves, no farther chemical 
circumstance is taken into*^ccount ; the reference is solely to 
Crystallization. ' * 

Under tfie first ^System of Crystallography, 'tbe OuhiCy ar^ 
apangfid, Copper, Silver, and Gotd. Under the fourth System, 
pe Hexagonal or Rhombohedral, are' the isomorphpus me&Js, 
"Arsenic, Antimony, and Bismuth ; apcj ffio, same fqrms brings 
into continuity with these the rare metal, Tellurium. • 

The Non-metallic n^itive elements are Cf.rbon and Sulphur ; 
Carbon being found in the two mineral forms — Piatnond and 
Qraphit^V * c ** v < 

Oompound MinercUs. — The native metals occur often aA ; 
alloys ; *%nd these are inclnfied with t\ie simple miQ^rals ; an 
alloy is iiot a ohemica] co^poond. Th& ehemical conibinatibii 
of the imejAls takes place chiefiy with the non-^melyys $ tb» 
proxnii|fnt instances of combination with dther metals, are 
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€ompoan3s with the Arsenides — Arsenic, Antiintony, Bismuth. 
Accordingly, the Arsenides, &c., are th^ commencing division 
of compound minerals ^ the subdivisions, as in the nativ^e 
elements', b^ing according to form. Tb&» three elennents 
Telbirium, Sel(|ppium, and Sulphur, ar6 'chemically grouped^ 
together, *under ^e name ‘ thionid * efements, and their com- 
pounds with tlje. metals — Telliftides. selenides. Sulphides — 
Hare next in order ; there being siibordinate arrangements 
acdording Ipo the, crystalline systems, which are nearly all* 
^ represented. There are^lso divisions according to still higher 
Compounds, as when Arsenides, &c., unite with Sulphides ; 
which higher compounds succeed in order to the sample caui- 
pounds. • 

The next division comprises compounds of the Metals avithi 
the non-metallfc group — Chlorine, Iodine, Brominejsl'luorine — 
the ‘ halogens.* Under tbnse fall certain conspicuous substan- 
ces — Common Salt, Calomel, Sal ammoniac, Fluor Spar,. &o. . 

The remaining first rank Division of compound minerals is 
the Ochnpounds of Oxygen — a division of enorilious extenlj. and 
progressive complication. •The chief Subdivisions ‘^re thene- 
foi% chemical, the distinctions of crystalline form being reserved 
for the final subdivisions. ^Commencing with bodies Slaving 
the lowest equivalents of oxygen — the Monoxides, we are led 
to the higher equivalents — the Se^qui oxides and Binoxides ; 
udder eaph of these heads, the farther subdivlifionis according, 
to crystalline systems. Next are the Oxygen Salts, of which 
the Carbonates are an extensive group of minerals, dialled 4>y 
their crystalline forms into Prismatic, Rhombohedral,*lan(I 
Oblique. After these come the Silimtes, a large, varied, and 
important class*of ^pinerals, subdivided cbei^ically in the first 
instance, and crystalline form in the end. * To the^ succeed 
Borates and Nitrates. The final grojups are Phosphates and 
Arseqiates, which, in consequence of the isomorphisms of cor-^ 
responding compouhds of Phosphorus and of Arsenic, cannot 
be classified apart.. • * 

If it be the fact that the two properties — Chemical Compo- 
sition and Crystalfine^Form— have acomifianding prominence 
in minerals overshadowing 4he others, or else carrying these 
along vAth them, * the foregoing cTassification is in the highest 
degree natural or philospphichl, beinsr accordant with the rule 
of the maximum of resemblance. 

4. The.Chemical Composition and the Ciystallineiform' 
also give the proper boundaries of Species. 
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The question as to the boundaries of species presents no 
theoretical difficulties ^pn the above schem’e. Every native 
element, ahd every definite chemical compound, would consti- 
tute a well- marked species, an Infimci. Species, or .lowest kind. 
If foe same element, of* the same compe^and, hps two allotropic 
fotms, as Carbon, .tbeg 3 are distinct miuei*pl varieties, but 

• would not be proper species. ^ , 

t The practical difficulties attending mineral' species arise 
from cojnbinations ngt chemical, whete the. elements may "be 
in all proportions ; as in the isomo'i^phous compounds, the 

* alloys, and tjie admixture of ^foreign ingredients generally. 
Sueh instances are prdper varistie,% and receive distinctive 
names and separate descriptions wheneveP the difference is of 

a marked kind 

r. 

III. Glassification hy Grades, 

6. The (xrades in Mineral Classification are used merely 
for arrangment^ and not for shortening the description of 
Mineral Species. 

Jn the scheme of Weiss, there are three grades — Ordors, 
Families, and Species; an irrelevant and*illusive semblance of 
the classification in ‘Botany and in Zoology, where the 
several gradations — the Orders^ Families, Ac,— are each ao- 
^companied with a definition, or enumeration of ^common 
characters, A Mineral Order, on the other hand — as Oxidized 
Ste)ne% ^J^'ative Metals — is accompanied with no definition, and 
suggests no common characters beyond what is gathered from 
. the name. So with the Families. The family ‘ Quartz V in 
the order ‘ Oxidised Stones * is not defined ash, family ; .there 
are no characters assdgned as common to ay .the species of 
the <]partz family. There is a OXIDIZED STONES^, a 
^8uh4Ule QuAB'I'Z; and t&en comm^^ices the enumeration of 
^species; so that each specific description contains alb, the 
cha^i^acters cof that species, eciRotly 'a^ ii[rit stood* alone in the 
world. The Gradation, therefore, is a Division, but not a 
tflasaafication. ^ * 

In ti.e scheme of the British Museum, the division begins 
with the dichotomy of l^ative Minerals and Compounas.^ The 
Native Minerals are not* aga^ divided formally ; they are 
8im{|/ arranged in the order of crystalline systems. The 
Compounds involvfe various' siAdivjsipns, which 8ould easily 
be laid* put in the tabular foVm. As ibere is ne jSystemaiic 
‘ treatise on Mineralogy based on the sclieme, we do not 
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whether the grajation could be 'properly cou verted into a 
system of Orders and Families, in the^ proper sen^e, with an 
enumeration of th^ chfe^cters of those orders and families ; 
but, in all lilfelih^od, ny suet attempt wqjild be made. * Neither 
(JhSmisti^ nor*^inerSogy can gain much by* straining tli8 
pare^lel of Botafty anjJ Zoology^ in thi^respect. 


^ IV. Marking of Agreemenfand Difference. 

6. The exhibition of«^greement and*Differeuce in •Mineral 
•description is gained in the fallowing ways. 

(1) By observing a uniform plan» 

(2) By proximity of species according fo the maxunum 

of agreement. 

(3) By select comparisons. 

(4) By select contrasiJfe. 


From the absence^of defining characters m the bighet divi- 
sions except as indicated by the significance of the names) 
the best means of stating agreements i^wanting. If the nature 
ofjihe case does not permit of the operation of giving* characters < 
to Orders and Families, w^must proceed by other ways. • , 

(1.) A uniform plan in the statement of the charactei^ gives 
a facility of comparing any ope species with any other. This 
ia carried out in works on Mineralogy, although not with all 
the aid 8 •that typography might afi’ord. • 

(2.) It necessarily tollows from a good classification that^the 
species placed in close proximity have the most zuftueroDs 
points or agreement, or the*fewest points of difierence. When 
native metals are Arranged in crystalline forms, the contigu ous 
species have a ver^ large amount of similarity, and compara- 
t^ely few dissimilarities. This produces on the reader the 
effect of a classification by grades, with agreements stated af» 
eacji*grade. . • , 

'(o) The ipind reyeivqp great |B6istance from separate t 9 .bles 
of. agreements, on seltecf properties. Thus, it is convenient to 
tabulate the miTiera]i| falling under distinct crystalline forma; 
those having the same specific gravity; the same l^rdness, 
&o. • Vhis is a gneat Bupplemental aid to the menthl comparison 
of individuals. ^ 

(4) Select , contrasts*. Wlfen important minerals are* nearly 
allied, and apt to confoun^ed^ they should be brou^t into 
direct C(^pari,son, thf'ough a statement of the agreeinjg feat- 
ures, and^ tabular contrast of the differences. Foa example^ 
Platinum* and Palladium have a very close resemblance, and 
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might have tl:\eir agreeing characters given together, and their 
differences formally cojitrasted. 

c . , V. Ivdex Glass^ficatiomc^ Minerah. ^ 

*![. .For the ready determining of Minerals} recourse lilay 
be^ bad to Index Tablc^j. 

The properties apparently most suitable are — Crystal- ^ 
lization ; Transparency, Lustre and Colour^; SpeciSc * 

Cravity-; Hardness ; Chemical and Blow-pipe re-actions, 

1 

Of the twq^ohief modes of cdnstructing an Index — a succes- 
sion of Dichotomies, and Tabulations — the first is exemplified 
in Botany, the second ^ems adapted to the present state of 
Minei'alogy. The thing requisite is to tabulate all known 
minerals aboording to every one of these properties, so that 
when any one property is ascertained, a reference to the table 
for that property will show what group it belongs to, and 
thereby limit the search. The discovery of a second property, 
in like manner,'* gives a reference to a second table, and 
, reduces thf^ choice still farther. 

The first table — Crystalline Forms — would be arranged "In 
the order of the crystalline systems, and the important 
varieties of each, and would also be adapted as far as possible 
to the indications of the ^goniometer, which measures the 
angles. * 

The Optical properties, Transparency, Translncency, Lustre, 
Ooiouff might demand several tabulations — one for modes of 
TraRsparency and Translucdnoy, another for LustreS, a third 
for Colours. There are doubts, however, as to the practical 
utility, for purposes of discrimination, of the table of colours ; 
since, althbugh colbur is an impoi'tant mark in pure substances, 
the admixture of colourip^ matters is so frequent as to rend# 
ihe test misleading. 

A Table of Specific Ora/oities wopld be useftil as a means of 
testihg. Many substances ard^well fiiarked by specific gravity. 
Tl^p different varieties of the important ^ grpup of Dolomites, 
or mi^esian lime siione, are most conveniently distinguished 
by this test, ^ , * 

Harness being reduced to a scale of degrees, and being 
easily tested, is a valuable aid to diserimination ; for which 
end th6re should be a table of minerals according ,to degrees 
ofHni*dnes8. ’ ^ c ‘ * 

^ With a view to Blow-pipe and Chemical te8ling,"^here arb 
needed corresponding tables for each characteristib appe^i^ 
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ance ; as fusibility or infusibility, solubility *in aoi’ds, 

This is merely a* modification of the ^methods* of Practical 
Chemistry. • i • 

Each of ihe Index tallies might contaiii «columna foib the 
other imj^ortani^hidex ^jjropSrties, so as i9o grive all the ohanlc-^ 
ters ^t a glance.^* 

These tables /arthe? point out Agreements among minf^als^ 
» and furnish one of the modes^iven fdt that purpose under the 
preceding ttead. .Their hse in suggesting Laws of Oo-existencQ 
, or of Causation, amon^ the properties of bodies, is su£Q.Gient 
lo give them a nlace among tht Arts of Discovery. 


BOTANY. 


I. Arrangement Plant Characters, 

8. The arraageuient of the characters of Pl^ts follows 
the expository order of tfie parts of the Plant. 


This is the principie alaeady exemplified in Mineralogy, and 
a^plfdhble to all sciences of classification. • 

In a complete system o^Botany, th» First Divisiion — Strjc- 
tufal and Morphological Botany — enumerates the. parts of 
Plants as a whole ^ glviSig a generalized and methodical 


account of all the structures found in all known plants. 

Commencing with the constituent Tmuea of Plants, this 
di vision, includes-rr Cells and CelKilar Tisstse ; Vessels and^ 
Vascular Tissue; the Contents of the Vegetable Tissues — 


starch, gum, sugar, oils, resins, (&c. ; the Integty^entdry 
Tissues-^as hairs, glands, and other appendages. * 

Plants differ i]\ the modes of iybese constituent Tissues. 


Thus, the Aeoi^led^ are cellular plants without vessels, or else 
vascular plant;^ with *1Soalariform vessels ; iSie Momcotylsdons 
and Dicotyledons are vasculaa plants with spiral vessels and 
ston^ta. 4 * 


The Organs or parts of Plants are divided into Nutritive* 
and Reproductive. •,The tifitritive are the Root^ Stem,* and 
Leaves ; the reproductive, the Flowers, and Fruit. An enume- 
ration is given of all Sie different forms a&!5umed by each or^ati 


throughout the entire asseii^blage of vegetable sppciesa There 
mightTbe, under* each separate peculiarity, a tolerably ^haus- 
tive reference to the plants pQSsessmg it. By such means tfie 
information respecting species is repeated in a differeh^ form. 

•To this*deparimeu| of general Botany succeeds Vegetable 
Physiology, which, bpwever, has only an indirect bearing on 
the Classification of plants. Any peculiaidty of function in an* 
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individual species would be^ stated under the organ concerned. 
TJius, some Cellular plants, as OscillatorioB^ have undulating 
movements in the ceils ; and some, as Gonfervoe and Biato- 
wacm^ conjugate?, that is. unite thei^ cells in reproduction, 
by means of an interposed tube. . 

.^The next great divismn, called Taxorogical l^otany, ^embraces 
the ^Classification bf S'lants, with the Description of each. 
The principles of Classification will be considered under the^ 
subsequent heads. The order of BeKrvption is the ordei^ of 
the parts in Structut*al Botany, as above quoted : — Cellular 
Tissue, Vascular Tissue, Coi^tents of Cells ; Boot, Stem, 
Leaves, Flo\^er, Fruit. 

In refernng to a work of Botany for tho description of any 
^iven plant, we shall not find, as in Mineralogical treatises, 
a consecuCjje and exhaustive account of characters. Two cir- 
cumstances stand in the way of suc|ji a description. 

In the first place, the system of grades^ which is inoperative 
in Mineralogy, is thoroughly worked in, Botany. Hence to 
exhaust the characters of a species, we must ascend th'n)ugh 
all the ^ades, collecting the characters of each, and uniting 
them in one series. The characters of the ‘ Common Haw- 
thorn' are distributed (1) under th!e specie so named, (2) under 
the ghim * Hawthorn ’ {Gratcegus^ (3) under the family 
‘ Rose ' Eosacece), ( 4 ) under the clasSy ‘ Dicotyledon,' By 
assembling the (oommon characters of the class, the family, 
‘the genus, and the species, in the proper order, we should 
have a fjall description of the Hawthorn. 

In^fie second place, mostv work^? on Botany do not profess 
to exhaust the known cljaracter of species, or to give under 
eacji species the whole of the information that exists respect- 
ing it ; so that ef en after collecting tLc c&arg,cters from all 
the gradations, we have not th^ full knowledge of the species. 
^Tbe reason is, partly, that botanical treatises are usually con- 
fined to the humbler function of determining or identifying 
plants ; partly, that the full Jofofma^ion^ while very volumi- 
nous, is seldom asked for ; an3 partly, it‘'is to be feared, from 
va&illating between the two ends — detenSin'ation and informa- 
tion. c t 

II. The Maximum of Afinity of Plants as giddin^ their 
‘ Glassifications a 

9. Ih considering the characters of plants, with a view 
to cleissihcation, vje find the order of description be also 
ithe order of relative importance. 
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The cu’«umstance that most of all gives importance to a 
character is the number of other characters that go along 
with it. Suppos^g jll the charactSrs of equal intrinsic 
value, any qne that represents three othei%is four the 
value of one th|t represents only itself. ♦ , ^ ^ 

There *s a corresponaence or concomitance of characters Jin 
the rundament^r part* of plants — Elementary Tissues, I^utri- 
► live Organs, and Reprodugtive Organs — which facilitates 
na1:ural groupings. W*hon we assume as a basis any one of 
this class of character^} we secure at once a large amount of 
tigreement. Isolated charaotersi as Colour and Odour, give no 
help to classificatien. • * 

Now it is found that the Elementary Tissftes are the most 
important in this view ; next are the* Nutritive Organs f an(4 
lastly, the Reproductive Organs. Certain forras^iit’ the Ele- 
mentary Tissues are aecogipanied with definite modes in the 
Organs, both nutritive and reproductive. By the Tissoes 
alone, Plants are dividedi^ in the first instance, into Cellular 
£fhd vascular; the Cellular comprising the* lower tyibes, as 
Licliens, Seaweeds, and mushrooms ; iihe Vasc^ilar,J;he liiglysr 
fi(^erles8 plants and* the flowering plants. Thus, the djs- * 
tinction marks the Icfwer afld higher in organization, ' 

In the Nutritive organs, the embryo is the part of greatest 
importance ; on it rests the grand ternary division into Acoty- 
le'dons, Monocotyledons, and Dicotyledons, •which represents 
numerous and important differences, and is, therefore, in the 
highest degree a natural or scientific division. Seqpnd* in 
importacpce to the embrvrv or seed, is the root^ on wMI^h ill 
based a triple dii^ision — Heterorbijal, Endorbizal, and Exo- , 
rhizal. After the root comes the eiem^ by which is mai’ked*tho 
great division, inlo ^^fbgenous and .Bndigenousf together 
with the farther division into ^erogenous and Thallogepous. 

In^the Reproductive System, th# stamens and the pisUU 
occupy the first place ; these were the chief basis of the Iiinnean% 
Artificial or* Index systgem • They are the essential organs in 
the Phanerogamia, or flowering* plants ; and have an analogue 
in Cryptogamia, &r flowerless plants. Next to these in vafu^ 
is the fruit ; and after it, t^e floral envelopes ; apd filially, in 
flomrrng plants; are found the tnflorescenee and bracts . , 

Thus, by classing according to the characters that carry with 
them the ^eatest numher of other characters, there is*igained 
the maximum of affinity on the Vhole. 0n the great leading 
divisions^his is effectually secured. The difficulties * avise in 
disposingfOf the families or Natural Orders, of which a large* 
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number' is inpluded iu the immediately supedor ciassee (or 
Bub-classes) ; 66 Natural Orders are contained in the first sub- 
class of th^ Dicotyledons (Thalamiflorn). <It is impossible to 
arraliige these upon any one principle of successicm or contig- 
uity i whence^ such devices as circula^ arrati[;eraent, double 
placing, &c. After^des^lHbingany one NatuiV Order, Lirdley 
. exhibits it diagramatically in '^tho centre of four other orders 
— lyght, left, above, beiieath — so as to show its alliances on 
different sides. 

4 still greater difficulty is preseiSted by the transition 
classes, whic|i, with reference^to the others, are denominated 
aberrantf ep departing from a recognized assemblage of 
characters. At the end ^of the enumeration of a class is some- 
ttimeb given detached an anomalous or aberrant member^ 
which, however, by the very fact of its isoletdon, is a new 
class. The genus Spleenwort (in I;be Pern family) is a re- 
markably well-characterized and natural genus; yet a few 
species are scarcely to be distinguished from some species of 
Sl?iiel(,lfem and Polypody, except by the son. 

'' rt 

HI. Classification by Grades, 

10.«Botany is the happiest example of Classification by 
Grades, 

It is a peculia^^circumst(£ace in Botanical classification, that 
the higher divisions are made upon the more funiiamental 
characters (the Tissues) ; that the next sub-divisions are upon 
charSfeters next in order of importance (the Roots, &o.) The 
. Natural Orders or Fam,ilies are characterized by general 
structure, but especially the Flowers and the Fruit, The 
characters of the 'Genr.s are a contiixiu/tion p£ those in the 
Order. In the Species, the differential marks embrace Stem, 
Leaf, and Flowers. Th'd tendency of this arrangement is 
^to Induce to comparative insignificance the distinctions of 
Speeies. t. ^ 

For practical purposes, great interest attaches to the various 
^ro(|ucts or depositr in plants—staroh, stl^^r, gum, oil, resins, 
These (Special products often prevail through Natural 
Orders, while sometimes the/ attach to Genex^a, and sometimes 
to %)ecies. ' •*' o ' 

Theinotives for settling the lowest Species, as distinguished 
from 'Varieties, werh former!/ stated. ^Oonstanoy^pr perma- 
nenbe«of* characters is one of the conditions, Thus^he Water 
''Ranunculus assumes many striking variations of t^hiob 
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have beeA regarded as specific distinctions ; but from their 
inconstancy, and their dependence upon situation, they are 
more correctly deemed Varieties. So, •Colour is a«charaoter 
that must be generally l^ithbeld from spe^fic ma^ks, tand 
given as a variety. * • • ^ W ^ 

J^plurcdiiy oftniportant characters wthe best wor*kable’,test 
of a Species. Tdb swept oranget and t3fe bitter orange ar^ re- 
garded as Varieties ; the lemon is heldito be a distinct Species ; 
th^ points of difference jDetween the sweet and bitter orange, 
are fewer than the differences between* the orange ttnd the 
•lemon. ^ * 

In the inferior forms of Plants, the specific marks are oft,en 
very limited in nun^ber, although they may Pefer *to organs 
high in the scale. Thus, in the B'erns* the limitation of both , 
genera and species has always been a matter of difiiMtilty. Tlie 
chief reference is the fructj^cation, or the arrangement of the 
seed ; a character of high fixity and permanence in plants 
throughout. In grasges tgo, the limits of the numerous genera 
ane nDt clearly fixed, — a proof of the fewness of ayailable 
characters. ^ • * • ' ** 

^he apparatus of GVades necessarily collapses when the 
organization is not ofm sufficiently high order to allow of 'a 
series of halting places with important community of ‘attri- 
butes. The eight, ten, or twelve steps of descent that may be 
interpolated in the more, elaborateljr organize 4 Bicotyledormks ^ 
Orders, al’e reduced to three or four in the Grasses and Ferns ; * 
while it may be difficult to maintain even that numbei^ jn the 
Fungi, Lighens, and Sea-wepds. . 

IV. Mag'hing of j^reemenf and Difference. 

11. The systeiiwMPfades so far piovides for the state- 
ment of Agreements. 

Wo* have frequently cdlea attention to Agreement ana 
Difference as the fundamental fagts of all knowledge. The 
more thorou^ the previfiion for* exhibiting these •two facts, 
the better will the eu^’ect matter be knowp and understood.* » 
By forming a class, we indicate a community of attrjf)utes ; 
and pvepy thing should be •done* to exhibit the** Agreement 
plainly. The tabular fonn is more particularly suitSd to 
characters that can be* expressed shortly. It is a *grand’ 
mistake to aupppse that the formo and, typography of ordinary 
composition are suited to the generic and specific descriptions . 
of plants of minerals. The different heads ef the descrip- 

20 
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tion are seized with difficOjlty when scattered indiseriminately ^ 
over the pi;inted lines — sometimes at the beginning, and some- 
times at the middle di* at the end. Any remark on a character, 
hy of comi^entary, or explanatirfn, involving the composi- 
^ ti^n of one or more sentences, shcnld he printed m the compact 
form of ordinary composition ; but tae brolifen, nnsenfonced 
description of chatact&s shopld be exnlusivdiy tabular. Such 
expressions have already the reality of a tabid, and to deprive 
tHbm of the form, in order to make them seem cpmpositior, is*" 
to withhold the onl/ advantageous nr, ode df presenting them 
td the mind. Thus to take tl\p genus Ranunculus described as 
below* : — *■ 

The firSt sentence, containing a very ^general remark, may 
^ stand as it is, out of the tabular form : ‘ Annual or perennial 
herbs, s<ij?;\etimes entirely aquatic;' this shquld be coupled 
with the sentence that comes aft^r the description, as to the 
geographical spread of the genus. The proper descriptive 
characters are strictly matter for a^tablp, thus 

Leaves, entire, or more or less divided. 

J ‘ Flowers, usually yellow or white. 

Sejpdls, 6, very rarely reduced to three. 

Petals, 8 or sometimes more, each <.vith, &c. 

'Stamens, usually numerous. 

Carjoels, numerous, without awns, &c. 

As tabular ^Tangemetits are hard reading, they may be 
relieved and lightened by remarks and illustratidns, or by 
addings information that properly takes the form of regular 
'•ooniposition. , ^ ^ 

12. Considerable nidfety attends the exhibition of Differ- 
ences, t^iere being, except in no re^ar 

method. 

Numerous examples 'have already been given of j^tating 
difference by pointed contrast. When more than two things 
ar^ compa^'ed, this is impraejicaftlb.\ fJfcill, the value of the 
^inted contrast, as appealing to the most fundamental sensi- 
bility of the humaxt mind, should never^ be lost sight of. We 
may, for example, select for comparison among the numerous 

* Annual or perennial herbe, aometimes entirely aquatic. Leaves entire 
* or nior^ or less divided. Flowers u&ually yellow or white. Sepals 6, 
vej 7 ftirely reduced to 3. Pet^s 6 , or sometimes *more, each with a 
thickened hollow spot at ‘the basef often ^vered Hy a minute scale. 

■ Stampns usually numerous. Camels numerous, without awqp, in a globu- 
lar i^ ohloakhead, each containing a single o^le attained near its base. 
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species of a gencis all ttie twos thait are most liable to “be con- 
founded. * ' • 

If tlie differing speciej of a genus, or the differing* genera of 
a family,* differed throughout ; that is, if no two agreed in any- 
thing but^in tl^* comr^on features of the higher ^class,^ the^ 
poinjed contrastjity'ould still be effecti^^. Thus three objeots 
might be contrasted oti a singlb feature, differing in alj| the 
•three. The actual case, however, is that differing species h^ve 
many partisd agrepmentfe ; of six species, three may agree ia 
,6ome one point, four in Another, and so on. In this state of 
things, we might carry out a little farther the exhibition of 
Agreements. We might give Nos. *1, 3, 4, 6, ^ agreeing 
in certain features^ 2, 4, 5, as agreeing in otners. An 
additional plan is to modify the statement of the generic agree-* 
ments thus : — Feature A is pbssessed by all ex«f)t No. 2 ; 
Feature B is possessed by«l, 4, 6 ; Feature 0 by 2, 4, 6, 6, and 
so on (adopting the tabular form). 

For example, LindlOy constitutes an ‘ Alliance * or Sub-class, 
BerheraleSy in which he places seven Natural Orders^ dis- 
tinguished by the Floiyerai Stamens, •Pistils, *&c. but with 
paftial agreements, thus — 

Flowers ; regular and symmetrical. All the seven, except 
Fumariacese. 

Placenta ; axile in four (hammg them), parietal in two, 

• sutural in one. . 

Stamens ; alternate in four, opposite in three. 

Every device that brings clearly into the view either Agr^e- 
ments or ‘Differences is vital to the understanding and tfie« re- 
collecting of the character^f the various classes. Whenever 
there is occasion o ^ scong ^r the exhibition pf agreement and 
difference, the maiUTBP' of it should be protainent ^nd even 
ostentatious ; often the best course to detach the statement 
fromjbhe ordinary form oficomposition, and to put it in tabular 
array or contrast, as already exemplified. ' 

It is a rule of good,eaf^dbitioi\%iot to mix up the^escripA^ion 
of characters with^reflections and theories as to their caus^es 
dr explanations. Thro applies especially fo all subjects where 
the deapriptions are long and complicated. The* folld^ing is 
an ii&p^oper mixture of the two modes — ‘ The odours of flowers, 
as well as their colours,, vury much!* The sources of odours in 
flowers are perf ohscure. They are often traced to the ppesence 
of fragrant volatile oilskin resvrh. The ^uvta are of such a suhUe 
nature as*^ elude chemical anatysis. ^ome* flowers af^e odori- 
ferous only in the evening. This is the case, &c.’* The sen- 
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tences in italics should have been withheld, until *^the facts 
respecting the prevalence of odours had been first stated* 

V. Ijidex Classificatton wf Plants, 

, A3. jFrom, the circumstance* of /passing through ,the 
LJnhsean classification^ so well adapted to^^he rea*tly deter- 
miivitioii of plants, Botan/" aftbrds ‘the best example of 
anjndex Classification'! * ^ ^ 

We may retain for ihis purpose thejjinnofean system m its 
literal form ; or we may have recourse to the modified schemes ’ 
of recent Bo'^anical writers. The principle is the same. We 
commence *with«cerfcain characters, havings alternative modes ; 
and jihe key or index informs us what classes each mode points 
to. A soj/pnd character is then examined, its alternatives 
found, and the corresponding classes discovered. (See Lind- 
ley’s Vegetable Kingdom, Bentham’s British Flora, &c.) 

^ LOGIC OF zoology'. 

/14. The dilficultier of Zoological Classification relate 
to the multitude and the complication of the Animal King- 
dom. ^ ^ 

The multitude of the objects to be arranged, and the com- 
plication of eveijj;the lowest forms, distinguish Zoology from 
all other classificatory sciences. There are certain partial 
compensations. As compared with Minerals, the organs of 
Arii^\^6 present numeroos relations of concomitance ; and as 
con*pared with Plants, the Animal Kingdom falls in 'a remark- 
able degree, under a Urie&l series, *^r conseoutiy.e development. 

■ i. Characters of . 

15. We must look foy the 'characters of Animals in the 
. division of the animal system into constituent Organs. 

T6e Animal, like the Pl«;nt, is ipad© up ofr Tissues and 
Organs, which have a certain amount of sameness, with 
vaViety, throughout^ the entire Animal iKifigdom. The enu- 
meratiof)! of^these belongs to Bi/plogy ; Connective tissue, 
Elastic tissue, Adipose tissue', Cartilage, Bone, Muscle^ Narve, 
VascuW tissue, Blood oor^)uscl§s, &c. In Zoology, however, 
the Tii>t>aes are viewed mainly in the Organs ; iind Zoological 
characters are characters of organs. There is not the sQime 
use mnde of distinction of Tissue, as wl^ have «een#iji Botany. 

' The basis of Zoological Glassification is the division of the 
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Animal system into Organs. " These, with their fancti(5ns, may 
be variously arranged, there being tw^o natural groups ; (1) 
the Vegetative Organs^and Functions (Nutritive and K»epro- 
ductivej — * Digestion, Absorption, Circulation, Nutrition, 
Se(y:etion, ExoitAion, ^esptration, Generation, Deyeloprnetot^ 
(2) the ^ighe^ •Animal Organs — Sjocomotion, the Senfi^s, 
the Brain. , • • # 

In all these various organs, cheftacters may be sought: 
there beinginone.but what are subject to variation throughool 
the Animal series. T£fe Anatomy of Vertebrates compriseg 
'the following parts: — Skeletot, Muscles, Brain and Senses, 
Teeth, Alimentary Canal and Appendages, Absorbents, Circu- 
lation, Respiration, “Urinary organs, §kin, Generative Organs. 
The Blood is also a source of distinction in the larger divisifens—i 
as between VeA*tebrate and Invertebrate, Warm-bl#J&ed (Birde 
and Mammals) and Cold4)looded (Fishes and Reptiles). 

The grand separation, common to all classificatory sciencea, 
between the General and the Special Departments, in the 
AnimM Kingdom, gives birth to the two suljects, — (Jorrypara- 
live Anatomy and Zoology ^ As in Miifcralogy* and^in Bota’iy, 
tlfese should repeat and support one another, giving the sajne 
information in two different forms. , 

The Comparative Anatomy arrangement, besides settling 
the selection and the order of Zodogical characters, is a most 
powerful instrument of generalizaRon. The* Ixhibition of each 
successive organ in all varieties and modifications, discloses ’ 
many aspects otherwise hidden j and places the mor©*^nferal. 
and fuifdamental peculiawties in a strong light. Mucli of 
the insight that we at preynt possess regarding the brain is, 
due to Comparative Too greaji pains cannot be 

given to the perfdTOlig of the Corapamtivef Method ; and the 
grand secret is the lucid presentatioj of agreements and of dif- 
ferences. • 

• 

16. There being, ip , Anii^jals, a number of difjtinct^ 
organs, a search made fof Laws of Conco!nitance be- 
tween them. 

It i^ a part of Biology, a&d aui, indispensable aid to^oology, 
to find out the correspondences or laws of concomitance 
between the different •organs — Moving Organs, JJ^ervous 
System, IJigefetion, Reproductiqn, &c. ♦ 

•These laws occur ujoder various aspects. Some are empiri- 
cal generklizafions, euch as the coincidence, of the rtrtniuarit 
characteristic with the cloven foot and hprns on the frontal 
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bone. Other coincidences 'are mutually related, and are part 
and parcel '^of the development of the species ; as the advance 
of the brain with the muscular syatenr, the reproductive 
organs, and the' organs generally. ' The fact of increase of 
^rganizatipn as a whole implies laws o|^ concdiuitant., advance- 
ment of all the leading^ organs. The coniiefdou between an 
animal’s organs and its circumstances or conditions of life is 
not a law of co-existence, 'out of mutual implication ; it does rot 
give us two independent facts, but the same fact oh two sides. 
Al^ references to the element of each species — water, air, 
earth, the bqdy of another aiiimal — are to be held as merely 
illustrating. the nature of the organs. 

The best established ^ laws of concomitance in the animal 
torgaliS, on which depends the existence of a science of Zoo- 
logy, as dfetinguishcd from a Comparative Anatomy of ani- 
mals, are liable to exceptions. Sbrnetimes a single species 
will mar the unanimity of an entire Division, like Amphioxus 
among fishes. It is clear, however, ^that such exceptions are 
to^be mentioned, and then disregarded. They do not even 
prevent u^ from suppbsing that the characters whose con* 
junction they violate are united by ca^nse and effect ; for 
although causation permits no exceptions, it may be ocasionally 
counteracted. 

The more we ^ can exhaust the relations of correspondence 
or concomitance,’ and the more precisely we can express them, 
the better are we prepared for the great classifying operation 
tha'ii giakes up Zoology. The full import of the remark will 
appear under the next head. 

It might seem superfluous to iisnist on prese^^ving a regular 
order in the statement of CharacWj.;jyarcughout the whole 
scheme — whether in tSie Comparative Anatomy or in the 
Zoology, — seeing no one .can fcfllow out comparisons that are 
not uniformly expressed. 

The Meudmum of m giving the' Classes. 

^ 17. The choice o^ Classes follows thcLcnaximum of agree- 
ments the several organs. 

The ^existence of Laws of Concomitance indicates the possi- 
bility of finding animal groups that ‘agree in two, three, or 
more ol^gans, pr important ^modifications of ’organs. The 
zoologist grasps at this ^circum^nce, rn order to form his 
leading dasses. ‘ * 

In appeamnee, but only in appeai'ance, there i6 another 
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‘ principle of grouping. one organ is cnosen as ttie basis 

of classification ; for example, the Reproductive system, which 
gives the^ name to Mai;nijialia. In reality, however, such choice 
is made not «n account of*the organ by itself, •but on jiccount 
of the oSfts aZttwces. • . . • 

Ai^ extreme flipposition will placelj^this^ fact in a clearer 
light. Let us imaging that eve#y one of the leading orgiins, 
•or systems, — Nervous, Reproductive, “tfec. — was wholly uncon- 
nected in iti? modifications with every other organ ; that the. 
•^ervous system mighf vary through all possible * modes 
without any corresponding vari^ion in anything ^Ise. Und*er 
such circumstances, we might have a Comparative anatomy, of 
each organ, but no Concurrence of o^^gans. 5<oology would 
be incompetent and non-existent. The only possible claftsifi. , 
cation would bfe according to the Comparative AnutSmy of the 
several organs. We might assign a superior dignity to 
same one organ, as the Brain, and give it apriority in arrange-, 
r^ent, ^and a preference in^study ; but after the entire animal 
kingdom had been exhaustively arranged undef thecompai^tive 
anatomy of the Nervoq^s System, the ^ame operation woiAd 
have to be repeated lyider the other systems ; the work woujd 
then be finished ; being substantially the present sciepce of 
Comparative Anatomy, without the relief that is at present 
afforded, to the overwhelming n^ass of details, by laws of 
Concomkance. • 

Accordingly, the justification of preferring one organ as the 
classifying basis, is avowedly its alliances. The taftpnoaiic 
value of the ‘ placenta * in Mamiftalia is the number of ofiai;ac- 
ters that it carries •along wij|i it. ‘Man, the Apes, the Insec- 
tivora, the Cheirog(bera,..,V e Rodentia,— are ^11 as closely con- 
nected by theli»pZac6wiai structure as they ai^fe by tMir general 
affinities' (Huxley). The realtnotiv^ to the grouping is not the 
placwital structure, hut the general affinities. 

We may make another illustrative supposition. If all the ' 
organs were*strictly*co-e*qfial in»11evelopment and in modffica- 
tions; if the Nervous System, the Muscular System, the 
Reproductive System, &c., were all modified in strict concomi- 
tance, i;here woqld be no Such thing as a preference organ 
whereupon to base classification; the Reproductive organs 
could be no more a clue Ibo the ‘ ^neral affinities * than the 
digestion, the respiration. TJhere would be no mention of 
a ipecial basis ; gehesal affinity would alone be prominent. 

It wofiPd appear, however, that the constituent systems of 
the animal organization are not co-equal *8^(1 concomitant in 
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their changes ; some carry^with' them more, ^nd soine less, of 
general affinity or concomitance. Taking the whole Animal 
Kingdom, we find thj£t the Nervous System is by far the most 
important basis cf classification ; the^ reason being that the 
organs generally canr,\ot advance \7itheut a corresponding, rise 
*'in the regulating and 90-ordinating oi*gan. There cannot be 
afi extension of the mriscular c,pparatus without an extension 
‘ of the brain; while thet.muscular apparatus itself implicates., 
. many other parts of the system. 

Next to the I^ervous System is thai part' of Reproduction, 
embracing the mode of Bevelf^ment of the animal from the 
' germ upwards. We have already seen how far this governs 
thef divisions aiti sub-divisions of the Mammalia ; their very 
name is founded on it. 

If, for tj^^^ sake of illustration^ it were asked what would be 
the worst organ for classifying upoij, — the one that undergoes 
the greatest degree of unconnected or isolated variation, — the 
answei* would probably be the Heart 

^ HI. Glassifibation hy Qrade§. — Species. 

18. It being assumed that each claSs is formed on the 
maximum of affinities, the number of grades is regulated 
by the occurrence of a succession of suitable groupings. 

The grades, or halting-places, are a relief to the burden of 
numerous common characters ; but there is no need to con- 
stitute ttiem where the amount of yesemblance is inconsider- 
able.' 

In the higher Vertebrates, a suc&^srion of six, 'seven, or more 
grades is admissible and advisable ; vhsileiP^e j^tempt to con- 
stitute Natural Orders,' Genera ^nd Species, in the Protozoa, 
is misplaced and savours < 5 f pedantry. , 

^ In Mammalia, the distinctions of Species may be numerous 
and important; profound diflg^reneaSi. separate the Lion and 
the I’iger, tKe Horse and the Ass. fn Birds, on the other 
h£|nd, the species ofte^u turn upon small a>id fiice peculiarities. 
Of the t|jree hundred species of Pcj-rrots, it is impossible that 
. there can be specific differenced either numerous or important ; 
the Psittacos erithacus, for ,*example, is distinguished as grey^ 
with tailored I The domesticated varieties of the horse, dog, 
and ca^, have wider* differences than many species^ or even 
genera, of the lower, animal tribes. The differences* between 
a Negrd and a Caucasian {varieties of the Species — Man) pro- 
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bably surpass inmumber the distiudtions between, two l^atural 
Orders of Infusoria. » • 

lu some cases, there occurs a single character sd bold and 
remarkable as to satisty bur utmost demands for a* specific 
distinction. Sitch is th^ extraordinary electrical* organ in. cer-* 
tain ^shes. Thri species of the Gymnt)tus named dectricm^^h 
su^&cingly marked by* this sin^e feature, in whose presence 
•th^ describer abstains from aM further specification. 

IV.^ Marking cjf Agreement and Difference, 

•• 19. Zoology depends greatly on the rule of parallel 
array for Agreements, and of pointed contrast* fpr Differ- 
ences. 

The characters of classes, high or low, should hp thrown* 
into the form Inost advantageous to the reader, ^hat is, the 
tabular arrangement, witlf appended remarks and comment- 
aries in ordinary typography. 

Fop example, the cllaracdiers of Aves (reckoned suflSoient for 
dfeorimination, although inadequate as information) are theaeiw- 
Re^prodAiction : — ovi [Parous 
Eespiration : — ^jiir-brqjithing 
Heart : — four cavities, as in the Mammalia 
Integument ; — feathers 
Teeth ; — wanting ; substitute horny ja,yjB 
Locomoti/ve Organa : — the anfterior limbs are wings. 
Besides these characters much is to be said as to the poii^ts 
of community, in the Nervous System, the Digestive Sfsiem,* 
and other '^arts. * ’ • 

For the staterpent of Diffe‘*fence w^may select Mr. Huxley’s 
primary division of Hirds^iato three classes ; an instai^ce where 
the pointed coUtrasrmay bo extended to three members : — 

• SAURUKiB RATifjl / CARINATiB 

* Metaearpal Bones 

Not ankylosed ^ Ankylosed Ankylosed 

• Caidal?Verieh7& and Tail * 

Longer than bocl^ ^ Shorter ^Jhorter 

Crest of Sternum 

Nobe • Present * 

Barhs of the Feathers 

• Discdtinected Connected. • 

There are^ several other characters of the second and \hird 
classes, and no more of^the first.. Hence, we might have put . 
the first against the tfwo others as a whole, and then worked 
out the present contrast noon these two. ’ ' 
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Not merely.in the formar exhibition of genmc ancl specific 
characters, but in evefy incidental comparison of one class 
with another, the statement of Agreements •and of Differences 
should* always be ‘clear, emphatic, and ostentatious, 

y. Irdex Glas^^fim^ion. 

An Index Classification for Zdology . might choose 
< between the two alternatives — the tabular and the cUcIwtom- » 
m)s, 

I’he Tabular method has already been suggested for Mine- 
# ralggy, and Vill again- be brought up for Diseases. The 
' Dichotomous mhthod is carried to perfection in Botany. 

, A ^;abular plan could be based upon Comparative Anatomy ; 
there bein^ <given, under every peculiar mode of each organ, a 
complete list of all animals possessing that mode. Thus, 
there .would be a table of the species conforming to each 
grouping of the Teeth, so that the discovery of such grouping 
in any given specimen would decide the animal as one oi‘ the 
list. A second ‘ character being noted as present in the speci- 
^ men would direct to a second list, where the animal mr.st 
‘ appear ; the choice is now narrowed to^such as are common 
to botfi lists, A third, and a fourth character, being followed 
out in the same way, would reduce the choice to still smaller 
limits ; and eventually the enquirer would be guided to the 
proper Species. 

. The ^dichotomous method of Botany, if fully adapted to 
20915^, as it might obviously be, .would be still better. 

The want of an Index is less fgjt in Zoology because of the 
better marked specific distinctioii^*,^t least uhtil we descend 
to the itfferior tribes^ where there ar^mupierous species, 
slightly marked. It would be pre-eminently necessary fer 
Birds, among Vertebrate animals,, and for the Invertebrate 
~ Orders generally. It is less necessary for Mammalia, except 
in a''Colleotipn of unusually vast # 
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XOGI0 OF PRACTICE. 

» » * * 

1 . The Practical Sciences are defined by their sev^al 

Rni^s. 

Medicine is the practi(J!il science having for its end Health, 
fifammar and Rhetoric have fo?i ends the perfection of th*e 
instrument of Language. 

2. There is one crowning end, the eum of all other ends. 

' namely, Happiness or Well-b^ing. 

People desire Health in border to he happy. There can be 
no end beyond human enjoyment — the gaining of pleasure 

and the averting of pain. • 

» • * * • 

3. The final end of all pursuit J^ust be aasurfiec^ nr 

grafted ; it cannot be pro\fed. 

No proof can be oflPIred of* the position that Happineps is 
the supreme end of human conduct. We must be satisfied 
with the fact that mankind make it the end. As all proof 
coni^ists in.referring the point in question to ^dinething more 
fundamental, there must be at last something taken for 
granted on its own account. Such is Happiness, the lii^eSt 
crownjng end. Men desire Happiness, either for thems^es * 
or for others, as the goal of al^endeawour, 

• 4. There is, how^^er, a want of perfect qnanimijfcy as to 
the^rfinal end. Sbme even deny that Bfappiness is the end ; 
.while there may be great di^renc^ of opinion as to* the 
nature of the happiness to be sought. 

The end set up by spmtf, tis th^ final end of all, is Virtfie. 
To those that embrace this view consistently, there is no 
reply ; there is no possible appeal from a fuhdamental end. 

We may, however, enquire# whether any class of«pers'Jns do 
consistBntiy and thbroughly maintain virtue, and not happi- 
ness, to be the sole end oi^ ail endeavours. Wherever there is 
inoonsistenoy, an argument is possible. . ** » 

Now, in reply to -th^ settiAg up of* Virtue, or mere self- 
denial, as an 'end,* we may urge, firs^ that the* conduct of man- 
^kind shows that, in the great mass of cases, they regard virtue . 
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as a means to happiness. The virtue of Hovf ard consisted not* 
in the fatigues and privations sufiered from his journeys, and 
from visiting squalid dungeons ; it w^s in -the amount of human 
mfsery»'that he 'relieved. * 

‘ Secondly, the pdsition that Virtae is an end is almost 
uniformly coupled wfth the assertion that^ in the long run, 
Yk’tue is Happiness; which 'is merely "^another way of assign- 
ing Happiness as the end. ^ ' 

Thivdly, the thorough carrying out of the position that 
Yirtue, in the form of ascetic selV-denial, which is Virtue 
dissociated, from Happiness, Is the ethical end, would be tanta- 
mount to aliolishing the difference between good and evil, 
with which virtue itself is identified. Virtue, in the sense sup- 
po.4bd, Nourishes in misery ; the more miserable we are, the 
greater sBope we have for virtue ; the mdre miserable we 
mlike other people, the more scopfe^ we give them for virtue. 

Again, Happiness may be allowed as the end, and yet there 
may be wide differences of view hi thb interpretation, of the 
end. The partizans of virtue may re-appear on this ground, 
iiftirmingf that Happfness is only to be found in Virtue or 
Duty, not in enjoyment and iij the gbsence of pains. *^The 
repl^’' proceeds as before; are these reasoners thoroughly 
consistent with themselves ? If they are, they cannot be 
refuted ; if they are not, j:hey may. 

Great variety of opinion may be held as to the beings wfeose 
Jiappiness is to be sought. Are we to seek our own happiness 
sbl^!y,*or the happiness of others solely, or partly the one and 
partly the other ? How far are' wo to extend our reg&rds — 
to our own kinsmen, IJb our itilow citicen^, to humanity in 
general,^ to the flower animals? In naae of these points is- 
argument possible, uliless where people are iffcOnsistent, which 
they need not be. We^canndt reason a person into the adap- 
tion of other people’s happiness as an end, unless such* person* 
has already of his own accord ^embraced some doctrine that 
involves this, as for exam^, the profession of Christianity. 
Jleither can we offer any reason for extending sympathy to 
the lower animals.* An education of the feelings is the only 
mode hf enlarging people’s aympdthies. No ,man can be argued 
out of a consistent selfishness. 
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■LOGjp ffF POLITICS. 

.1, Politics, in xtie largest sense, retere to tne action® ot 
^uiyan beings in Society. • * « 

The notion of Society can be gained* only by eachf one’s 
individual experience. The first ^example of it is the Family, 
which contains a plurality of persons iu mutu|il cb-operation, 
with command and obedience. The earliest notiofis of authority, 
law, command, obedience, punishment, superior, infericuf r^Ier, 
subject, — are gained from the •various aspects of^ blie small 
domestic circle. , • 

The larger aggregations of the school, village, parish, town- 
ship, church, &c., repeat al] those aspects of the family, while 
' dreppfr^ the incidents special to the family. « 

2. The science of Politics, as a whole, is eiftier Theoreti** 
cal or Practical. « • • 

Under the Theoretical Science of Politics must be described 
the structure or organization of Political Society ; this being 
equally essential as a preparation ^r the Practical Science. 
All the leading terms of Politics must be defined ; all the parts 
of the Political system explained. To this preliminary b^anoh'. 
Sir G. 0. Lewis applies the designation ‘ Positive Politics/ ^ * 

In *the second place, the Science traces cause 

, and effect in p<fiitical institutions, as facts of the order pf 
nature ; iu the SJjine -way as Physics and Chemistry •describe 
cause and effect in inorganic bodies, and Biology in living 
• bodies.^ The theoretical department of Society would state, 
upon evidence of fact, conjoined with reasonings from human 
nature, what are the Qonspqti©nce» of given instituliions. /To 
quote from Sir George Lewis : — 

‘ It assumes that we kifbw what a state is ; what are its functions ; * 
what are the conditions neces8^,ry for its existence ; by wiat in- 
strument^ it acts ; what are its possible relations with other ^tates. 
Starting from this point, it inquires certain forms of govern^- 
ment, and certain laws and political institutions, operate ; ih seeks, 
from observed fiicts and from knpwR principles of human nature, 
to determine their character and tendency ; it attempts to frame 
^ propositions Vespehting their probable conseqilences, either* uni- ’ 
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versally, or in some hyyothetical‘3tate of circ-imstancrs. Thus it 
may undertake to determine the respective char(£cters of monarchy,* 
aristocracy', and democracy ; it may show how each of these forms 
of goverliment promotes the happineijs of r. the community, and 
which of them is ^preferable to the other 0m>o. It may inquire into the 
operation of certain modes of pr^ent^ig crLr^s — as police, — of 
^^rioiinal procedure, andof legal punishhient, cuch as death, trans- 
portation, imprisdhment, pecuniary finps, — aiid it may stek to 
determine the characteristic advantages and disadvantages of each, 
iri certain assumed conditions. It may inquire into the operetiofi 
of different systems of taxation — of laws respectflig trade and 
industry — of modes of regulating the currency — of laws regulating 
the distribq.tion of property ‘'with or without will — and other 
economical relations. ' It may lay down the conditions which 
render it expedient to govern a territory as a dependency ; or 
whi'ih tend to promote the prosperity of a new colony. It may 
define tWi circumstances which ensure the perma^nence of national 
confederacies, and it may inquire what are the rules of interna- 
tional law which would tefad to proVnote the uninterrupted main- 
tenance of peace. 

‘ It seeks to lay down general theox'ems respectmg the operation 
and cousequenc6s of political institutions, and measures them by 
.tieir utility or' their capacity for promoting the welfare of the 
national community to which they are applicable. Propositions 
bf this sort may lead (though not by so direct a road as is often 
supposed) to preceptive maxims ; but they are themselves merely 
general expressions of fact, and they neither prescribe any course 
of conduct, noirdo they predict any specific occurrence ; though, 
from the generality of their form, they may relate as much to the 
future as to the past.* 

Ti*^‘^heoretical Science of Society is sometimes expressed 
as the ‘ Philosophy of History/ or the accounting upon general 
principles of cause and fcffect foV the actual epurse of political 
events, the growth of institutions, the pripgress and decay of 
nations. History, in the ordinary signification, recounts these 
things in the detail ; the Philbsophy of History generalizes the 
agencies at work, and endeavours to present the whole as fol- 
lowing out certain great leading;, ideas. A few writers have 
aimed at^’establishing sucMe generaHtieiS — VicoJ Montesquieu, 
Millar, Condoroet,^ Auguste Comte, &C,. , 

Practical Politics consists of maxims of political practice. 
Here we h&ve to suppose an en £^ — the welfare of the com- 
munity, or any other mode of stating the political end. ‘ 

Tlys necessarily appears with more or less prominence in all 
political treatises., Aristotle’s work is a seardh after the best 
gcyojxnment. Machiavel’s treatises are preceptive or practical. 
Ijb^e does not formally enquire after the best bonstitution, ^ 
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but undei‘\lie gvi\ie of wbat istecesRary to a state, he insinuates 
certain political forms, and certain legislative prinqjples. 

Sound method requires that a writSr should, in the first 
instance, 'Separate the Theoretical from the P::actical. ^ . 

3. * The. entire depar^nent of Political Science at the pi^e- 

sentiday comprises several sciences. « * ‘ 

• * It has been found practicabje and convenient to withciraw 
frdln the wide region of human society, certain subjects that 
can with advantage be Cultivated apart, and thus to reduce the 
‘complication of political enquiries. 

(1) The first of these is Jurisprudei>ce. Thisls^a distinct 
branch bearing on tbs /om of Law, as apart froih its substance. 
It teaches bow laws should be expressed, with a rie^to iheir 
satisfactory intvjrpretation by the Courts ; it embracos evidence, 
and the principles and pro^edure/ov the just administration 
of the laws. It does not consider the choice and gradation of. 
punishments, but explains how they should be legally defined, 
s<5 as tb be applied in the manner intended b}' the legislator. 

(2) International law is Jhe body of rules agreed-upon 
in&pendent nations for regulating their dealings with each 
other, both in peace ""and ifi war. It includes, for example, 
questions as to the Extradition of Criminals, and the right of 
Blockade at Sea. 

X3) Pqlitical Economy, or the sconce of the production and. 
distribution of Wealth, relieves the political philosopher of a 
considerable part of his load. The legislation regarding Pro- 
perty in Land, Trade, Manufactures, Currency, Taxation, <!^c.,"^ 
is guided by the enquiries of Politiop/l Ecomony. Within its 
own sphere, th& smence has the same logical character as the 
mother science. , ft has its definitions, its principles or laws, 
partly inductive and deductiv§,‘and its methods, which are 
the ordinary logical methods. ^ 

(4) Statistics is a branch of the Science of Society, admit* 
ting of being cultivated peptfratey. It furnishes tjje facts and 
dato of political reasoning in the most complete and authentio 
form. > 

4. The subjeQts remaiiiing to Political Science, are (1) 

t^roTin of Government, and (2). Legislation on all lopics 
not otherwise embraced.* " ' . ’ 

!j?he difibrent Forn^ of Government, their precise defini* 
tion, and their, several tendencies, constitute the foremost* 
^blam political science. The discussion of Monarch};^, ' 
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Aristocracy, Democracy, . enters into eve^y treatise called 
political. , * 

In imjjaediate conrfexioii with this subject, if not a part of 
it, is. the distrifcation of the funoAiAns of government, into 
Legislative, Administrative ^and *^Judt3ial ; -l^e delegation of 
tjie.’ powers of government to subordinate "fiuthorfties, as in 
provincial, local, dr^mnnicipfi.]^governm?3nt. \ *" 

These subjects are soaietime^ considered as exhausting the 
,spnere of Politics; but in a very m-rrow, altho^^gh distfnct 
significlxtion of that sphere. Thus, ^Mr Mill remarks, — ‘ To 
attempt to investigate what kind of government is suited to 
every known st{).te of society, would be to' compose a treatise 
on political sconce at large.' * 

It r^.ast, however, be^’matter of enquiry how a government, 
when coJjisHtuted, is to discharge its functions. »* This supposes 
thd; the functions are classified and defined; an operation 
involving one very important enquiry in Politics, namely, the 
proper Province of Government. <•. •• 

There are certain things that Government must nndbi’take, 
in order to fulfil its <primaTy ends ; such are Defence, and 
the Preservation of Liffe and Property^ *' 

There are other things that g‘bvernifient may or may not 
undertake — as the Support of Religion, Education, Postal com- 
munication, the maintenance of Roads, main Drainage, and 
^ other works of ’general utiSty. ^ 

.5. The curtailment of Individual Liberty is a necessary 
effect of government ; and the degree of this curtailment 
U a vital consideration in Polii-iSal theory. ’ 

Jn order that men may act together iq^ society, each must 
itt part subordinate their own actions and,, wishes to tfie 
general scheme. Obviously^,, hoysever, individual liberty, 
which is in itself a chief element of well-being, should be 
restricted in the least possible degree ; and the burden of 
protf mu8t,/ilways lie upon tie pmp5j?er^of restraint. 

The Structure of Political Society. 

6. Tiie preliminary branch of the Social Science, con- 
tains ^he Definition of Political Society, and of alt the 
Relatiqnships and Institdtionar implied therein. 

This is the part of the suBjeet entitled by Sir Gt, 0. Lejiris 
Positive .or Descriptive Politics. It teases what i&qpsentially 
involved in the id^a of political government. It explains the 
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necessaiy^instruirtents of gofternmgnt; as a law, rights and 
obligations, sanctions, executive commands, and ilie like. It 
neither enquires into the operation and t^dency of ingtitutions 
(which is Theoretical I^Dlitics), nor urges tl|p preferenpQ of 
one to others* (Practical^olitics)., It explains the meaning ^f 
monarchy,* aristocracy, democracy, bu1%does not* teach which ' 
is thtf best form. • It sJjows whaA ts the natrfre of punishmeni:, 
but does not say which punishments %r6 t*tie most eHicacious. 
It expounds, the relations of Aiaster and free servant, and * 01 ^ 
master and slave, *but does not trace ttieir bearings *on the 
Velfare of the parties concerned. It explains the nature of 'a 
dependency, withoilt arguing the question — -^ShoHild colonies 
have a separate government. It shows whaif are* the acts 
constituting an exchange, and the difference betweei^%rter ^ 
and a money equivalent, but dpes not dwell uponj^lre advan- 
tages of exchange in f{icilit{|jting trade. (Methods of Reasoniiig 
in Politics, vol. I., p. 54). 

The fundamental notion^ of Political Society — Sovereignty, ’ 
Law, •Command, Duty, Sanction, Obligatiounr-are treated of 
by John Austin as a part pf the speciiil science of .Juris^rfl;; 
der¥3e. That these notibns are at the basis of Jurisprudence 
is beyond doubt. Still, im a completely formed Politick 
Science, they would be given once for all at the outset, ilnder 
the head of the Structure of Political Society, and would need 
only to be referred to by the Jurist** » * 

7. The very fact of Political Society involves a series of 
primary notions, forming a mutually implicated, of c^wre-, 
lative group. % * 

Government. —•This is the essential fact of political society ; 
to define it, or any oile of its numerous syqonyips — Sovereignty, 
Ajfthority, Ruler, Political Sijperior — is to define political 
society. The definition must be gathdted from the Particulars 
common to Political Sooietlbs. It is given by Sir G. C. Lewis, 
as follows : — i* When^bodyc>f persons, yielding ol^ediencato 
no superior, issue theih commands to certain other persons tp 
do or to forbear dofngveertain acts, and thaeaten to punish tlfe* 
disobedience of their commqpds by, the infliction qf paki, they 
are said^to establieh ^political or ciVU government** ^ 
Closely examined, this definition cpntains the very terms to , 
be defined — fo^ example,* superior and command — so that it is 
not^a definition suited ^o inform flie ignorant. It is rather of 
the nature pf the first definitions of georhetry (Line,* Apgle, . 
&c.) whicU do not oommuuicate notions, but employ terms to 

21 '* 
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fix with more precision the boundaries cf notiors already 
gained from experience. * We should require, in the first 
place, to know political societies, in concrete instances ; and 
the definition would teach us the corresponding abstraction or 
gefielrality. , 

“^Austin (Province 6f Jurisprudence? Examined) endeavours 
to build up the definition froni its simplest asii'gnable elements. 
Starting with Command, he defines this as ‘ the expression pr 
intimation of a wish, fo be followed with some evil, if.not 
* complied with.* This involves only sgch faets of h^maii nature 
afl wish, expression, non-compliance, infliction of evil. In the 
notion of Command, as tjius ^defined we have nearly all that 
is' signified b]^ 'Government, Sovereign, Superior, Authority. 
We have only to specify the persons intimating the wish (to 
somh^§ck:^r persons) and following up the non-compliance with 
the inflictib’n of pain. 

xhe supposed command is a Lmif;! The evil to be inflicted 
is a Sanction, Penalty, or Punishment, The persons addressed 
are Subjects, In^f&nors ; they are placed under Obedience, Duty, 
Obligation. T^e aggregate of persons comprised within the 
^cope of ihe same commands, is a Political Society, a Community, 
a People: They are in the Social, state, .as opposed to the state 
of nature. 

Moral Right and Wrong must be referred to the same com- 
plex fact. 

8. Government is usually said to have three distinct 
fdnctj.ons — Legislative, Executive, and Judicial ; each one 
*giying birth to a numerous clasc of notions. 

Legislature,— -iLhe power of making general. commands uni- 
versally «applicajjle, under given circumstances, is called 
Legislation ; it is the 'most extensive and characteristic func- 
tion 'of government. The process is very difierent undfer 
different forms of government. ' In every shape, thdl'e are 
implied as subsidiary notion^ — staiu^, and its synonyms, pub- 
lication or^proclamation, enactment diid repeal, io. 

Executive, Adminjstraiiom — Implies performance of the speci- 
fic act^ occurring from day today, in the exigencies of society 
— organizing and directing the military force,; negotiating with 
foreign governments, appointing the officials of government, 
erectii^g public works, &c. In this function, the government 
is said to use miniiter§, to 'isspe orders, to receive and issue 
. despatches, reports^ to superintend all fuilbtionaries. ^ 

Judicial,— A. cdistinot function of got^ernment, u§ually en- 
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trusted tc» a separate class persona It supposes impedi- 
ments to the oompiands and opera*tions of government, either 
in the way of misunderstanding, or oS disobedience. These 
are rempved by Jlidifiial^ Institutions, called Courts of Law^ 
presided over by. Judgm^ sajd to^ administer ^usticey rfocbrding 
to d definite Pfogedure^ and rules of Evidence. ’ The ramined* 
arrangements belonging to the^^everal haads are detailed tChd 
defined by the fecial science of Jurjsprfidence. • 

•With al^ varieties o{[ go\%rnment there must exist tlsesei 
three functions ; in ru4e governments,* they are exercised by 
iihe same persons ; in civilized governments, they are mere 
or less divided between differed persons. • 

9. Under ‘ Foriji of Government/ there is a number of' 
structural modes, for which there are specific desjgiiations^ 
The Form ‘of Government brings out the designations 
Monarchy, Aristocracy, Itemocrac^^ Republic, Mixed Govern- 
ment, Biance of Power, Constitution. 

Tj^e logical division of Forms of Government is into the 
government of one person {Ahaohite Monarch^) and th® g9vej^n- 
ment of more than oije {Me^ublic or Commonwealth). If,4n^ 
tlfe second alternative, the governing body is small, ^he 
government is an Anstocracy ; if the power is lodged ,in the 
majority of adult citizens, the government is a Democracy, 
Such names as Limited Monarchy, Constitujional Monarchy, 
mean either Aristocracy pr Deiabcracy; they indicate the 
form of monarchy, but the reality of another power. . A 
Mixed Government is a mere semblance ; some one o^ Con- , 
stitnents'iB in point of fact^t^e sdvereign. . 

Aristocracy, where it prevails, •makes a division of the. 
people into Nobiliiy and Commonality. Ofjen the governing 
body is a heredita'^ nobility. • • * 

• Re/presentative Governmenty the growth of modern Democracy, 
is a leading notion of Pol^iical Science. The meaning is that^ 
the whole people, or a. large portion, exercise the ultimate 
controlling power, tbrou^H the ^puties periodically elected by 
themselves. In th© ancient republics, the corporate or col- 
legiate action lay wilSi an assembly of alPthe citizens, or oi as 
many ffcs could be got together. . • » ^ 

'Ihe* operations of corporate government give birth to the 
political elements expressed hj ' assembly y deliberate and 
debatey de^isittn by a majority y cJi,airmamf electiony suffrage,* 

^10. The Functiotls or Business of goYernment introduce 
many structural elements. 



'824 


LOGIC OF POLITICS. 


The first function of a political society beftig def^ce^ there 
is a large institution corresponding, called the War Organiza- 
tion — Aripy and Nav/. 

TJhe protectio,n of the members; the society from one 
airpther IS either by ,an application 4 ’ the . War force, that 
'is the soldiery, or by a ?3parate force tailed 5olice. 

‘These two leadih^ institutions involve mrfiiy others. *' An 
official machinery, or bureaucracy^ is interposed between the, 
sovereign power and the actual mstroments. F015 paying the 
cost, there must be a levy of Taxes, with a bureaucracy 
coVresponding. , 

. If the government undertakes public works — roads, bridges, 
public buiPdingVj, means of communication,— it becomes a sort of 
indu^ltegl management bn the large scale. 

The cofaing of money is a proper function of. government. 

The regulation of bargains and coritracts of every description, 
as well as the enforcing of them, is a matter for the state. The 
marriage contract, in particular, the, relations and rights of the 
different members of the family, are under state controh “ 

'A 'Church Establishment, whetfier incorporated with the 
civil govefnment, as is most usual, or Existing apart, is a vast 
social machinery with elements and terms corresponding, all 
admitting of definition. 

11. In a society spread, over a wide territory, there must 
be a division into local ' governments, duly subordinated 
to . the chief or Central Authority. 

' This originates the terms Gentrcil, Centralization^ and Local, 
Provincial, or Municipal government and institutions. A small 
locality may represent in miniature nearly all 'the features of 
the entire'society.'' The delegation of povrer, to the locality 
may be small or may^be grpat. , Moreover, the Form cf 
Government of the entire cociety repeats itself in the locajities. 

* If the sovereign is an absolute monarch, the local authority is 
absclute in^the local sphere; 1 such' is Hhe oriental satrap, and 
thp viceroy of the absolute European monarch. 

12. The Province of Government marks the line between 

Public *md Private meLmgement': c . 

The ‘'habitual industry or every da.y avocations of the mass 
of the ^ople must be left to themselves. T\eir manner of 
snb^ifi^nce, their recreafions'and amusements, also their 
pwn choice; although governments haVb often interposed to 
< regulate all such ifoatters. 
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13. Tte mutual bearings of JtViblic and Private Institu- 
tions are so numerous, that a statement of the Political 
structure is incomplete without the Private Institutions. 

The Industry pf the J[*eople is, an important element of Jihe 
state politically.,* So are their Recreibtions, Tastes; Opinions,* 
Lit^ature, and IScienpe. However much the government ab- 
^ stains from control in these matters, i^s operations in its proper 
sphere are ^fluenced by eve#y one of them. An agriculttlral 
community gives *a pec»liar character to the entire action of 
• ‘its government. A community largely occupied in foreign 
trade involves the ‘erovernment in relations with ibreiern coun- 
tries. 

14. The good or ill working of the Politicg^^'TSysteim 

leads to a variety of situations, requiring the c^sideration 
of the political reasoner.® • * 

When the government /ails to accomplish its main functions 
•^ddfence, protection, justice, &c.- -it receives*the designations, 
‘bad government,* ‘ mis-gpveniment.*» Its badness ma/ cOg- 
sigt in partiality to Individuals, which is injustice ; in not ' 
adhering to its own published regulations ; in the capricicftis 
introduction of changes ; in preying upon the coramnn*ity by 
exactions, or by affronts, 

• When the government is excessive in its restraints on indi- 
vidual movements, it is calfed despoticaly tyrannical, oppressive ; 
and the re-action or revolt is Political Liberty. /V"he8’*it 
meddles with what might b© l©ffe* f© private manageme*lft, it is 
sai J to over-govern ; the euphhistic phrase is a paternal govern- 
ment. • * 

The emphj^tic &pression Social Order ijieans, in the nrst 
place, that the government, ^ether good or bad, is obeyed ; 
the opposite state is Anarchy, MevoUT 

Order is also contrastfid with Progress, Improvement, or« 
Civilization, • Those jfchingfii that maintain the existing structure 
in its integrity are Baid\o minister to Order ; while the agen- 
cies that raise thd sfgjiety to a higher piAch of improvement, 
are said to minister to Progress. • In point of faqt, th# opposi- 
tions between the two is very slight ; what is good for one is, 
with very trifling allowg^ncee, goa/i for the ofcher (Mifl’s Re^ 
presentative government, chap. II). 
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THEORETICAL POLITICS. 

15. The Law^s, Principles, or Propositions, of political 
society, logethe/with the Methoiis'oi? Investigation, consti- 
tute Theoretical Politic'S. « 

The foregoing heed, inclndlhg the Analysis of the Social 
Structure, the meaning 'of Stat^ of Society, the Notions of 
Politics — is preparatory to the enunciation of the Laws ‘^of 
Sopiety," so far as kno wn. These La)^s are best discussed in 
• the theoretical form ; thej^ muy afterwards be changed into 
the practical or preceptive form, that is, into maxims of the 
Political Art. 

Laws of Society may be either^Laws of Co- 
existence, or Laws of Succession,^of the diflerent parts of 
the Social Structure. In both cases, they are laws of 
Cause and Effect. 

The complex Structure of Political Society involves many 
rclationshi^DS off Co- existence and o-^ n©n-coexistence. Some 
‘ arrangements always c&rry with them some other arrangJe- 
ments 3 some things are repugnarft to other things. The re- 
mark was made by Volney that the ‘ plains are the seat of 
indolence and slavery, the mountains of energy and liberty.' 
JBnt whatever co-existences 'and repugnances can be p;:edicated 
generally are dependent on causation. 

Agajn^ we may take any one part of the social structure as 
a cau*6e, and lay down the laws of its effects ; as *whei:\ we 
describe the consequences? arising in a given state of society, 
from an absolute monarchy or from a state ^chdreh. 

We may even take up an entire state of society, with all ijs 
mutual actions, and endeavour to , trace its future destiny* 
This is the large problem of the Philosophy of History. , 

But for devices of simplification, such problems would be 
whoily unworkable ; the coifiplicUtdis/i of elements could not 
be^ embraced by the human mind. We should need tofieisten 
tipon some single agency, either comprehenciing, or outweigh- 
ing the hthem, whose solitary operation will give the key to 
the entire problem. The state of opinion arid enligh&nment 
of a community is an examplor of those over-mastering oir- 
ounxstefices. 

. Human ^aracter as a Political Element 
17. As the sulgoct-inatter of Political Science is human 
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beings, the cbi^racteristics^of humanity must enter as a 

primary elemenf. 

If all.huinan b(?ingS|Were alike, either wholly or in those 
points concferne^i in ]folitipal action, the coustrucfloh *of a 
political -^ociei^r^g whetLer easy or nc^, would be but one pro-* 
bleoa. But thefe are^wide difiigiiences as regards pecaliariftes 
of character essential to the working of*tho political sclferae. 
Tlbe differences between anC* American Indian, a Hindoa, a. 
Chinaman, a Russian, Englishman, an Irishman, an Italian, 
4aken on the average, are such as to affect seriously the struc- 
ture and the workings of political irwjtitutions. Giiven a certain ^ 
Form of Government, or a certain constituliion Lan’ded* 
Property, the tencfencies would alter greatly 
various types gf character. 

The theory of Society consists in stating how human beings 
will act under a given social arrangement; it is, therefore, 
essentially a special application of the laws of mind and char- 
acter.# Hence a thorougli knowledge of whs^ever Psychology 
can teach would be a preparation for Jhis study. * * • 

^Yet, all parts of human nature are jiot equally cilncerned^ni 
political action ; thf^ ethical qualities of Honesty, * Industry, 
Steadiness of Purpose, are more vital than the Artistic sensi- 
bilities. 

. Moreover, Politics is concerned^nly with J)]^e characteristics 
that appear in collective ladies. ^ The politician leaves out of 
account all those individualities that are merged when mei^ act 
together.in a body ; that is, t^e qualities occuring*«nereiy' 
in Scattered individuals and* in minorities. Whence, uatiwnal 
character is a m*ach simpler phenomenon than individual* 
character ; as the^^ow of a river in mass isja simpler phyjiical 
problem than fhe molecular adjustments ot the liquid state. 

18. A Political Ethology woul^ be a modified science of 
character, consisting (1^ of a selection of the qualities thaf 
appear in national*.clMtr5cter„%,nd (2) of the laws of their 
operation, 

(1) Following the divisions apd subdivisions of character, 
as Northerly sketched (p. 28 h), should have to bring out into 
prominence all that aripe in human beings when working 
collectively. ^ • 

^Thus, tt> commenc| with AcrfoN, in tho form of Spontaneous 
Energy.^ , Prior to ^an account of the ^^rious motives that 
induce men to activity, there is a notabl^^eculiarity of ob8^ 
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racter in the degree of the . energetic disposiiion itself. Now 
this shows itself, as high or as low, in whole nations, and is of 
importance as respecfs both the Form of Government and 
man,v other politi^ral arrangements. ftTi e inhabitaijts of tempe- 
rate climates are superior in natural enjrgjr, irfespec|:ive of all 
'toodes of stimulation. tdHhe dwellers 'either' pi the tropics or 
in ’ the arctic circle^. The** ^English 'and Anglo-American 
peoples are probably at the top o^f the scale. 

» Now this attribute has numerous soc'ial beq-rings.*^ It favours 
private industry and the accumulatidn of wealth, an effect 
leaiding to many other effects. Jt is both directly and indirectly 
^ hostile to mdnar(jhical or despotical rule, and is, therefore, the 
* parent and** the'guardian of liberty. » 

In manner, we might survey in detail the Feelings, 
l^ensibiliti^s^ or Emotions of tke mind, and mi!trk those that 
have* social significance, and those« that appear in men col- 
lectively. Thus, the Tender Sentiments, or the Sociability of 
the Mind, when strong, draw human beings together in soqiety, 
and favour the cohesion of states as well as of families. Again**, 
th^e sti’engt];! and the mode of the Sentiment of Power may be 
«a collective peculiarity,* with national consequences. Tfie 
k. colij unction of tender feeling, as JfiatriotSsm within our own 
nation,* with the love of domination beyond, is a peculiarity 
often repeated. 

The IntellecT'ull qualities that ptand out in national pro- 
, minence are too numerous to be touched upon. It was an 
intollectivilly minded people, the Greeks, that began all the 
'civilization flowing from soience oi% philosophy. There is a 
certkin depth of ignoranoq and incapacity that renders the 
higher modes of Political society impossible, > A signal failure 
in either of the intellectiial virtues — prudenbe and sympathy, 
is incompatible with polit^al union. * 

(2) The next part of Political Etl^ology is an account of the 
.tendencies of these various characteristics, and of' the means 
whereby they themselves are mioditifecShp ^he general science 
of character embraces this investigation on tlje wide scale, and 
the 'present department is a special application of the principles. 

‘ Propodtiom of Theoretical Politics, ^ " 

• 19. The Political Structure, 6r Organism, being defined, 
the Laifs of Theoretical Politic? are the laws of Cause and 
Effect, traceable in the working of the Several Institutions. 

‘ What are the coiisequenoes of Absolute Monarchy, or oi 
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Democracy; of»tJastes; of bintairs; of i<’ree Trade; ofJt'oor 
Laws ; of Indissoluble Marriage ; of S^te Churclfes ? These 
are a few of the eiajuiries of Political Science ; they &re strictly 
enquiries of •Cause andlEftect. Given any of1;hese institutions 
as causeSjJihe effects may be souglit. Agafb, given*certain effects,^ 
as tjje repressioi of agrarian cr^rpes, tne impartial adminisi/l’a- 
tion of justice, the encouragement of trade, — we may seek for 
c^ses. This is really the same problem in a different form. 
To all intents and*purpqfes, the one enquiry is — Given.acauseT, 
required the effect ? * 

It is not uncommon for poliiJcal. philosophers. to entertain 
such problems, as What are the effects of MbmrcLy, Aristoc- 
racy, Democracy, iif general ; what are the effects of Slavery 
in general, that is, under all circumstances, under eve ^ possible^ 
variety of human character. ]5row, with such strRngly-ac^ing 
causes as Absolute Monaitjhy, therfi may be assigned certain 
universal tendencies so decided as to be seldom wholly defeated; 
Theri^^are points in cbmmbn to the despotism of a single person 
in all countries and times. The possession of j)ower,* whether 
on the great scale or on the small, operates with itemarkable 
uTiiformity. This ij a psychological tendency whose free 
course is best seen in politics ; where, by the necesssties of 
the case, individuals have to be entrusted with power in a 
large amount. The same consideration renders the workings 
of slavery uniform to a high degrde. * 

20. The Propositions of Political Science range Jbptwden 
two^extrames ; on the one^exti*eine are propositions affir- 
ming universal tendency, and, ol> the other, propositions , 
affirming specific ^^ffects in limited cases., 

•(1) The pi'oi)osition8 affirming a Universal tendency are 
dkemplified above, Simihir pthpositJons may be found respect- 
ing every institution of human society. In many institutions,! 
however, the tendencies difficult to find out, and ar^ so 
liable to be ‘defeated* by* other Haases, that their femHaciation 
has scarcely any For example, the operation of guilflq, 

or privileged corporations, admits of no definite sj^tement 
with reference to all possible ciucnmstances. The division of 
landfinto large or small properties, may have opposite •effects 
in different social states. • • • ^ * 

Nevertheless, the attempt should be iftud© to generaHz^ the 
tendencies both of t*h# Forms of Governn^ent, in their detailed 
varieties,* And of all •the leading Institutiol^ growinghut o^ 
legislative action. It is equally indispensftSle to estimate the 
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precise worth of this class ctf propositions, to hsi aware of their 
infirmities, and of th^ cautions needed in applying them. 
There are prevailing tendencies of every important Institution 
— of the Successfion of Land, of Diftjdf*. or Indirect Taxation, 
K)f iteligiotts Endowments, and the*^ resk Tbfe affirmations re- 
specting these are ^)n\y' probable ; they afioM a certain pre- 
sumption of what will actualTy happefi in individual cases. 
Tho special departments — Political Economy and Jurispru- s 
dence — ^share the bai*4en of these diffi'6ult problentj. ^ 

^2) Propositions confined in their range to limited circum- 
stances, to a, narrow field ^of observation, may be so qualified' 
as to state -»the*caasatioii with almost perfect exactness. Thus 
if we confine our views to communities in similar climates, of 
"Uhe s^l®i»crace, of nearly the same advancement in general 
intelligence,' we can formulate With comparative precision the 
tendencies of a given institution, whether the Form of Govern- 
ment, or any of the other leading social elements. These 
Limited or Partial Theories are th© reaily valuable parts of 
Politioal Science ; they afford the guidance in the art or prac- 
tice of Politics. ** 

aWith a* view to these propositions, there must be a division 
and subdivisions of communities into classes. An example of 
such a classification is given by Sir G. 0. Lewis, as follows: — 
‘One large classification of communities for the purpose of 
a common predication is— 2*1, those communities which are in 
a. wild and unsettled state, such as the African and Indian 
S7avagf^l:i, the Bedouin Arabs, the Nomad Tartars ; 2, those 
Oriental communities which iPe under a regular political 
government, but whose social state is nevertheless fixed and 
unprogrei^ive, such as the Turks, the Persians, the Hindus, 
the Chinese, the Japanese ; 3, Christian coni'miMiities partaking 
of the modern Europeanvoivilization/ 

Setting aside the first class, as affording too limited a field 
for political data. Sir G. C. Lewis^institutes a cotnparison and 
contre>?t* between Oriental andVEuropean cOmmunfbies, showing 
the numerous important peculiarities that may be affirmed of 
each of ^ the two classes as a whole. Th§ following are some 
leading points of the contrast. 

Oriental. European. 

Government. „ 

Despotipal » Free , 

By Dolegatibn Direct &om the centre 

' International Law. 

Eude^ Intricate, forming a bal- 

ance of power 
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Baij}8 — Oivil and Religious codes. 

Interwoven Distinct 

• ' Marriage, 

Polyijamjr I * ^ Monogaifiy 

* TFbmen. ^ 

Seclmded ^ ^ . At large 

• Siaim of the Laboured 

Slavery ^ • Civil Freedom 

punishments, , 

Cruel Mild 

’ Brm, , 

Loose Closely fitting • 

Alphabet. • 

Intj’icate Simple 

Form of Literature, 

Poetry and mystical prose * Argumentative prose. 

Numerous propositions of Cause and Effect could be laid* 
dpwi> jrespecting these peculiarities, connecting them with 
one another, and with the Climate and Physical Situation, the 
Physical and Mental Constitution, the Historical Ante- 
cedents of the orientaj races. 

Methods of Theoretical Politics, 

.21. As in all other sciences, ^ere must Jbe Observation 
of Facts.* * 

In Political Observation, jthere are special pecillijrltie^ 
amenable *to logical canon'fe.f The education of a politipal 
observer is scarcely in any degree, a.l in the physical sciences, 
an education of th^ senses ; it consists mainly of intellectual 
habits. ' • * » .* » 

22. The Facts of Politics coinciae with authentic 'His- 
tory or Narrative. * ' 

The individual oc&urrences tffat, when genera)ize(l,„^ake 
up political principleg, have to be correctly recorded, with ytll 
the circumstances essential to the link of causation. The 
sequj^ncye of events in a re^iolutioif must be stated exactly aa 
they ocdurred, and in sufficient fulness to give the coniitions 
of cause and effect. . * ’ * ^ * 

The rule?® o? historical evidence are w Jiranch of Inductive 
Logic, and as sucb’tl?ey are "given elsewhere (Appendix, I). 
They have *10 view principally the number and the nature of ) 
the testimonies needed to establish the truth' of a past event. 
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A farther exercise of discriTiiination is requisite in the political 
• historian^ namely, to include all the circumstances entering 
into the chain of causes, and to separate accompaniments 
that* have only -a poetic interest. “ To do this, the his- 
^toriam must he himself a politfeal philosopher; he must 
krK)w that the dazzling glitter of spears in the. sun has nothing 
to da with the fighting strength of an army, that the stature, 
complexion, voice, or dress of Charles I. had no bearing upon 
his quaprel with his, parliament. In short, as regards the 
relevance of facts and circumstances, tne narrator must under- 
stand what jt is to trace caiiise and efPeci in history. ‘ In 
j order to f»am4,a‘ coherent naiTative, some theory of causation 
is necessary * (Lewis). » 

23. Til Politics was first developed the reducing of 
observations to the form palled Statistics ; definable as the 
observation, registration, and arrangement of such facts as 
can be given in numbers. ^ . 

iTba cultivation of statistics was first owing to the impetus 
given to prblitical econoruy by the I renoh economists ; it being 
possible to state in numbers the most material facts regarding 
trade, » currency, taxation, production, population, &c. The 
subject now comprises matters I’elating to all branches of 
political observation ; Population, Births, Marriages, Deaths, 
‘Occupations, Diseases, Crimes, Pai.perism, Educationv 
. Statistics gives an entirely new precision both to Theoretical 
<or Sp^ciilative Politics, and to operations of government. 
The increase or diminution of pa^fiperism or of crime, in a krge 
country, could be judged‘'only in the vaguest manner without 
statisticaV returns from the officials concerned. The govern- 
ment would be at the mercy of accidental displays, and<of 
circumstances where tbi? impressions are exaggerated. A 
bread riot in a particular locality^ an outrage of appalling 
acepmpaniments, would distort thp judgment of lihe nation, as 
to the.! genial state of destit&ion or of erime. 

- ‘ 24. The causes of erroneous obsery'^tfon in Politics, are 
partly comiyion to the sciences generally, and partly special 
to thq political science. 

Indolence and inattention, •^the love of the marvellous, 
aesthetic likings and dislikjngs, the support*of a favourite 
theoiy, are operative in politics as elsewhere. The more 
c 'speci&l Sources.of bias in the political department are admira- 
tion of individu^ actors, party feeling, and, wh^re 'practice is 
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concerneS, diregf^ personal interesk As a matter of * course, 
these corrupting motives extend their indaence to the general* 
izing no less than Jo the observing of hfcts. • 

Politics deals with beings, whose* springs aetion 

are in the min^ f while observation reJates onjy to outvwird, 
appearances, from whifch the mental* states are obtained 
inference. Thj right»performiilh6e of thig process of infe^nce 
,i6 an operation based on Psychology, •and guided by the r^les 
oWnductiye Logic. Tiiat Cnarles L was executed is a fact i 
the motives of CromwcJll and the Puritans in executing him 
*tire a matter of di§icult inferente ; requiring us to apply laws 
of human nature (veracity, bias, &c!),*to what th*e Victors said 
and did in oonnexioji with the fact. ^ Tbe secrecy of motives 
is the characteristic of many ethical maxims. 

Ejyperijihmit in Politics. 

zo. iLxperiment, in the strict soientitic meaning, is usu- 
ally regarded as inadini»sible*ia I-^olitics. The substitutes 
are (l) the sudden introduction of extraordinary inlluanGes, 
and (2) the practical opefations of g/)vernineat. '* * 

It is not possible ^to submit a society to the process em- 
ployed in studying a metal, or in detecting the laws of Heat 
or Magnetism. A political community cannot be manipulated 
with a view to excluding artificially this or» lhat agency, iso- 
lating it^from all but known circumstances. 

(1) Some of the advantages of experiment are derivable 
through hAxe introduction ofrJnew and extraordinary influence 
into the society — such as a famine, a commercial crisis,* an 
insurrection, afl epidemic, an invasion, a new invention, as Jibe 
steam engine,.^ religious revolution. The Irish potato famine 
of 184 j 5, is adduced by Le^is a§ a ca^ in point. The infiuence 
of this terrible calamity laid bare the evils in the state of the 
Irish’ poor, and discloseJ the secret springs in the social^ 
economy of the people, afe^sifiectnally as could havp been done 
by an artificial experiment oontKved for that purpos(^"^ , 

(2) It is the vOTy*iiature of government, especially an ibav 
proving government, to trying experiments.* Esfery new 
law*is Jn experiment. There being an object to be achieved 
by the law, the public is supposed to be interested in watching 
the elfects of Jibe measure. A ^Police js organized, !i.|^d^ the 
efffcts upoh crime observed. • A*Poo 2 >LaiV is introduced, and 
the conseqjuences trajfed. So every great innqvatiouus^a 
agent in society, which is followed by definite effects. The 
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experiments are not always free from ambiguity ; there may 
be cononrring agencies cither defeating or exaggerating the 
results ; hence a demand for the preeautions of the various 
Injdticftiva MethcMs, 


Causation in Politics, ^ 

2'3. In Political ‘Causation, the p'l‘edominating fact , is 
^ Collocation ; there is Seldom, *yet occasionally, an appeal 
io Coneervation. • ! ' 

A political sequence is alwa^'s immersed i n a host of arrange- 
' ments, positive < 3 >r negative ; and although impelling forces 
must always be present, the result is dependent in a pre-emi- 
nent*mjg;’ee upon the direction given to these forces. Thus, 
a political rising depends less upon the greatness of an impel- 
ling force, than upon tho direction given to forces always 
present. The demand for thirty shillings of ship money from 
John Hampden was the turning point cf the English Revolu- 
tion., 

- Yet in dealing with human nature, whether as individuals 
op political masses, any omission to allow for the principle of 
Conservation, in the form of Liiiiitatioii of Human Energy, 
will lead to mistakes. Thus, a politician that would expect 
an Art-loving ppople like the Italians, Germans, or French, to 
. takv'' on the enefgy of the'‘ Englislj^ in business and ip politics, 
without becoming less artistic, would be guilty of overlooking 
Jbh 6 l?t?jsr*of Limitation. 

'27. In Political Causation, it is especially uecessai*y to 
keep in view the entire aggregate of Conditions, positive 
and negative, entering into the cause. 1' 

' » 

When Luther preacted against*- Indulgences, and when 
. Hampden refused to pay ship monev, these were merely a single 
condition out of a large assemblage coucerned in bringing 
abou^ith© ‘great events thai^ ensueth .Hence, the historian 
considers it requisite to describe the whole pf the surroundings 
in the gtate of socie'ty at the time, but 'for which the conse- 
quences wofild not have arisen. 

To seek the cause of a political event in a single cir- 
‘ cum stance is a perversion of the political problem. The 
Tn03st^)3niightened r^asoners pnd historians are**aocustomed to 
state the case as an enquiry into the coWwea of a phenomenon. 

' The phrase is ndt strictly correct ; the entire aggregate of 
antecedents is properly the came ; but as bringing fbrward the 
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idea of pkirality ©f circumst9,nces„conditions, or collocations, 
the mistake is 5nihe right side. The causation- of the French 
Revolntion was a vast aggregate of prit>r arrangements in the 
state of the FrencB natiqp, together with lyiinerous circum- 
stances in the TV'crld aljlarg^. 

• • • ^ 

The Method ofAgr^merU in Polities. 

* '28. The Method of Agreement enters into political 
iifvestigat.i§n, but not without shortcomings. 

^ Like every other inductive enquirer, the political reasoiier 
first collects his lacts ; then compares them with a view to 
attaining laws of concomitance, whicL he farther Verifies * by 
Agreement, as a method of Eliminatiiin. * ,, 

This has always seemed the obvious course. Wl\m Aris- 
totle enquires into the effects o*f Despotical or of l5emocratical 
government, he collects Samples of each, and looks out for 
the attendent peculiarities. By an inductive determinationj 
fpundcd on Agreement, we are accustomed ho connect diflier- 
ent forms of government with lower jr with higher fetage» of 
civilization. » * » ^ 

^^he first peculiarity of tlip inductive problem of society, as 
affecting the sufficiency of the Method of Agreement,* is the 
mere number of concomitant circumstances in a state of 
society. The cause A, say Despotism, worky in conjunction 
with such a large variety »of oth’er circumstances, — climate, 
race, history, institutions in detail — B C D E F, (Sjp., — Jhat 
we can l^ardly find in the Dvhqle area of our experfSnce a 
sufficiently diversified series of instances to eliminate them all, 
and find A folliwed in every instance by a. 

Worse than the fnere number of accompaqiments ^plurality 
0 ^ causes with iMermixtwre of effects. Whatever results might 
really flow from DespotisA — wliethei^ discontent and insurrec- 
tions,* or the repression of% men's energies and the arrest of 
prosperity and progress— ,*(V)uld fjpw from other social agencies; 
the effect a, an actual effect of A, might also be an ^of 
C, F, H. This wo«il(k,not prevent a from being always present 
with A ; it would rather in somq instances ma^e it% supera- 
bundantly present ; yet, as provkigtoo much, it would be fatal 
to the evidence. An apparently moro paralyzing instance would 
be, when the ^ect a, properly belonging to A, is neutralised 
by some accompanying agent, D 5 one, oi the commonest ot all 
occAirrenoes in politics. Hardly any effect of .absolute monarchy, 
is better gubstantiated than the discouragement of intellectual 
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activity generally ; yet thi? did ‘not follow at oncfu on the 
imperial despotism of the Roman Empire ; the prior impetus 
acquired under free inifiitutions was for a long time unspent. 
So, a law clesignqjd to produce a cert,aiiai effect, may really be 
acting as intended ; but the effect may be frustrated by 
evasions, or by passive K^sistance to its enactments. Restric- 
tions on trade are adverse to oommerci?! prolsperity ; yet the 
effect may happen to*be pounteracted by othei* circumstances, ^ 
Tbll United States of America, iiT the .nburidarice of land to be 
occupied, can prosper under many arrangements that would be 
ruinous to Great Britain. 

• '£hd ot/ier^ Experimental Methods. 

, 29it Tlje Method of Difference may be exemplified in 
Political Cause and Effect. 

The introduction or withdrawal of a single agent, followed at 
once by a definite change in other respects, is our most cogent, 
as well as our shortest proof of causjttion! In the complipetions 
of ‘Political Society, we cannot always be sure that only the 
one innovating circui^stance is J)res3nt ; so many unseen 
operations being always at work. , This ^source of ambiguity is 
practically overcome when an agent suddenly introduced, is 
almost instantaneously followed by some other change ; as when 
the announcement of a diplomatic rupture between two nations 
is followed the same day with a derangement of the money 
market. 

Ace?irHing as the supposed orange is more gradual in its 
introduction, and the consequences slower in their develop- 
ment, the instance is less’ and less a decisive ey^imple of differ- 
ence. Tb© deterioration of value is saved | only when we are 
sure that every other tiling has remained the' same. A new 
religion introduced into ft nati(j?n, re*markably stationary in ife 
other institutions, would be held ay the cause of all the subse- 
quf\nt changes. 

‘,.30. Agreement in Absence maybe advantageously re- 
sorted to in Politita. 

We compare the cases of the presence of Poor Laws, of 
Commercial Restrictions, of a ^tandiug Army, of Local Self- 
Go verUment, — with the oases of the Absence ojC these institu- 
tioiiB ^ and if any cfircumstancee uniforjply present in the one 
arc upiformly absent in the other, the force of proof is greatly 
augmented. 
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30. Cancomitent Variations is employed in tracing- 
political causation. 

There is a marked concomitance, in tile History of England, 
between ‘the growth of Institutions, add the progress of 
the jiatio^, botii*materfally*and*mtelle«tually. , This mayibe 
compared with ^he inverse instance# of Greece and Rqnje, * 
wljere, by a gnjadual process, tlie extinption of liberty was 
•ultimately followed by inteiyBctual and social decay. Iilven 
alf these instances® in tile complications of Politics, may not ' 
,be final ; yet they afford*a very high presumption of calise and 
effect ’ • 

The Deductive Method, 

31. The Deductive Method, in ‘conjunction wi% the 
Inductive or Experimental Methods, must be Regarded as* 
ftie mainstay of political»investigation. 

Neither the Deductive Method alone, nor the Inductive 
Metheds alone, can be trusted i» the complications of the 
social science. Their mutual consilience or poufirmationj^ is 
r^uisite in order yield trifstworthy conclusions. • • 

Fure Deduction appears tp most advantage in following opt 
the tendencies of separate agents. This is the motive for 
subdividing the Social Science into branches, as Political 
Economy, &c. The tendency of the singly motive of the 
desire of wealth can be studied apkrt from otfier tendencies. • 
An essential part of political .deduction consists in tracing 
the wide /)peration of the Seitiment of Power, in thb‘ipirloup’ 
degrees of its development among human beings, and under 
all circumstances.* The deduction^should comprise a wider* 
area than mere political situations. •* ^ 

* The Sociability of mankind, their Sympathies, the grades of 
Intelligence, have conse(Juencl6s traceable by a purely deduc- 
tive operation. • , 

We mighj) even ventuy^ 9, certain way in the second deduc- 
tive process — Calculation or computation of concftrripg, agen- 
cies ; as Wealth, ^P^er, Sociability, Sympathy, with Haliits, 
Customs, &c. Here, however, we become aware of Jhe help- 
le^snem of the deductive mhthod by itself. Having no correct 
quantitative estimate of the separate agents, our attempt to 
combine thenj^ in a quantitative suth, is entirely hopeless. The 
errors of calculation may be po wide as radically to vitiate the 
conclusions. . . . ^ 

It is the third steb of Deduction — Verification — that gives 
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the method all its weight, by joming it withMnductions. In 
point of fqjCt, politicians in applying the ‘conjoint methods 
usually hq,ve an inductive or empirical genpralifcy presented in 
the (first^ instance ; which induction they compare Vvith the 
deduced tendencies of the agents Concerned. '■ ,Tlius the w.prk- 
' ing of despotism is firs^* given as an empiritp,! generalization 
from history ; we thpn compdfh these aHeged results with the 
deductive consequences, of the love of power, and all other, 
human motives, both of the ruler and!- the ruled, eu.tering iAo 
the situation. Such" maxims as thb following require, for 
their verification, the consilien'3e of induction and deduction. — 

* The possessors, of supreme power, whether One, Few, or 
Many, have no need of the arms of reasi^n ; they can make 
will f!>'oyail.* ‘ The governments most distinguished for 
sustained vigour and ability have generally been aristocracies.' 
The deductive reasons in. favour of this last position aro 
founded on the consequences of devoting a small number of 
men exclusively to public business, i 

Thus, the usual course of the Deductive Method is Ibo lay 
hpid ‘of a number of rmp^ncisms, . derived from history and 
political experience, and1:o subject themlo the test of deduction, 
thereby converting them into derivative ^laws. Considered as 
inducuve generalities, everything should be done for them 
that can be done by strict compliance with the Inductive 
Methods; after 'Which theyWre to gome into comparison with 
Ihe deductive results of the tendencies concerned. 

•^mong Empiricisms demanding to be confronted with 
deducCiVe conclusions, we may insj^ance the following—* modern 
civilization tends to collective mediocrity,' (J. S. Mill) ; ‘ unity 
in religion is unfavourable to civil interest ' 0. Lewis) ; 

‘there is no neceesary. connexion between hereditary royalty 
and hereditary nobility \ (^&) ‘tbe human race is on thu 
whole progressive ' ; ‘ there is a constant relation between the 
‘State of society and the state of intellectual speculation ' — 
(Comte). , • 

Pedtffi’tive confirmation is especially needed in assigning the 
causes of some one historical event. TJuiess there happen to 
be other events closely analogous, cur inductive basis is of the 
slenderest kind ; succession may be taken for‘ causation w'lth* 
qut any check. Thus, the .‘account of the rise of free institu- 
tions, modern Buijope, mqst be far more deductive than 
inductive. ^ • r * 

. The, introduction of Christianity into Europe co-existed with 
so many other cnanges, that its oonsequences canpot- easily be 
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eliminated. Uiir only means of* varying the instances is tOj 
take the separate* nations apart ; but iji none of them was thii^ 
one cause introduced- singly. Hence any inferenee as to the 
political aiyi other retfju^ts of Christianity Itrould want In.uch 
deductive co^^ffrrnaticfn ; and \ve firnJ that this, metlidd is 
largely appealefl to. ^The tend^ncieS of the Christian religion 
are laid out dQdnctivhly, and the attempt is made to show^their- 
coincidence with the hicts. • To be properly checked, a siriflilar 
(feduction^houldbe mdfde of all other tepdencies — as Qreek arfd 
Roman influences^andTihe mental endowments of the European 
races ; which subtracted from •the^ total would give a case of; 
the Method of Residues. * * • •• • • I 

In the foregoing#brief allusion to. the Deductive Method is 
included a reference both to Empirical and to Derivativtf Law». 
The subject Politics furnil^hes pertinent exahiples of the 
^Imdtaiion of Empirical Lftws, and in a less degree of Derivative 
Laws, to adjacent cases. There is safety in extending an em- 
jpirical law only to • the •samd territory, the same time, and 
similar circumstances. When a ten pound’*suffrago hejl sub- 
sisted in Britain for .thii^y years, w?th good efte^ts, it was 
^lall matter to risk the extension to a seven pound, or a^ix^ 
pound franchise, on ftie mere faith of the empirical coincidence ; 
whereas, the sudden transition to universal suffrage, could not 
be relied on from the same empiipcism. Th^ consequences of 
guch a «tep, if coraputabl%at alb^'ftould be*Romputed only by 
the aid of deductive reasoning — by the establishment of a deri- 
vative law. A well-informed, sagacious, and unbiassed 
might b§ trusted to predict, within certain limits of errorj^ the 
probable issue of fiuch an extension of the franchise ; but only 
by a superior haTvlling of the deductive method. 

• The Methockof Residues being properly a Deductive Method, 
•is occasionally valuablef takes the problem on a , varied 
aspect ; as in the case of Christianity already referred to. ^ 
In applying the meth5)aB of Agreement and of Difference, to^ 
single out cause, clv^r pfior kn^ledge of the gen^rak^de^uacy 
of the cause, prepares us to receive the inductive evidence, 
without the misgiftngs that we must* feel when jve know 
nothing on this head. 


Hyfpbthe^ in* Politics. 

•• 

^32. In Politics, «ve are 'seldom* under the necessity of 
assuming an unknown agency ; the khowr* forces 'of*human 
nature arefthe sufiffeing causes. Our assumptions refer to 
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the presence, ana the araaunt, df the suppC^d agent ; and 
these may. he proved by their exactly tallying with the 
facts. 

Assumptions are perpetually n^ade Regarding the conduct 
of Human beings undei; all circumstances. cThe passion's of 
PoVer, Pride, Pear, the Self-iuierest of ipen, tfieir Sympathies, 
are real or genuirie causes. There may be doubts which of ^ 
them produced a certain hne of couducf. ; and we mj^y apply the 
fogical conditions of hypotheses to solvf the doubt, if any one^s 
actions tally precisely with the^consequenco i of Love of Power, * 
we receive tkis coincidence as so far a proof of the hypothesis. 
But the pfouKs completed only by showing that the action 
does ^ot tally with any Other motive ; a tiling that we cannot 
always be certain of. The execution of Charley I. might have 
resUiHed from the fears of the Puritans, from their revenge^ 
from their ideas of justice, from tHeir interpretation of the 
designs of providence. A proo/ from hypothesis would have 
to show that the ,f)ict coincided fully with the tendencies cf onhj 
one^ of all the supposablg motives. 

u Simplification of the Pglitical^ Problem. 

33. There are various modes of reducing the complica- 
tions of Politics. Several of these have already been 
glanced at. " 

(1) p3' studying Institutions separately, due regard being 

had to*^ their mutual action. " This is that primary Analysis of 
Society which is the groui?dwork of scientific method through- 
out There may be difficulty in making thp isolation, and yet 
allowing fbr mutual infiuence ; but any'' otjjer method js 
hopeless. t . i 

(2) In modern political theory, much stress is laid mpon 
‘the distinction between Order anU Progress; -and we are 
recofnmended to study separately * the infiuences tending to 
Order^ Stability, and the influences tending to Progress or 
Ihiprovement. The ‘advantage of this separation is chiefly to 
divide tSe fis'ld of study, for the <«ase of the understanding. 
It has been shown by Mr. J. S. Mill (Representative (rovhrn- 
ment, Chap. 11.) that the two interests cannot be absolutely 
sepj^rated ; there can ^neither, be Progress witfeout Stability, 
nor Stability without Progress ; yet the problem of* Society, is 
greatly simplified by first studying each by itself^end then 
paying attention to their reciprocal action. 
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Mr. hliW lias<,ift'aced, by th*e combined Inductive and Deduc- 
tive Methods, the conditions of Stability in any ^society, ain^ 
has referred them Jo the following headi : — (1 ) An education of 
the citizens calculate^ ti> impart & self-resiYifiining discipline; 

(2), a fedirig (jf ‘allegiance 'or loyalty to something; (3]i*an 
element of cohe^hn ambng the memlirs of the same state. ^ ItJ 
is apparent tljat all* these cAdses, while arising from the 
inductive comparison of societies, ir\ay also be fairly deduced 
ffora gene'ial principles«of the human mind ; the consilienie Qf 
the two results beijng ^sential to the pfoof. * 

(3) In the variation of political circumstances, the prop6si- 
tions of society would be numerc/ns.beyon^ ca*! eolation, but 
for the eminently scientific device of^ embodying a limited* 
number in their exact circumstances and conditions, sp that 
they may be varied at pleasure. It may be a question whether 
Certain public works should be, overtaken by the cotitral 
government or by the local government ; as bridges, roads, 
prisons, (fee. Now 4)he decision of this question in any one 
base,*if accompanied with all the’ circumstantials that govern 
the decision, is the decision for innuiiierable other, cases, d\en 
jd though differing considerably from one anothef. Thus, if^ ( 
the central governiAent undertakes the work, avowedly dnd* 
solely because the locality cannot bear the expense, this 'decides 
also the opposite case, where the locality can bear the expense. 

• It is Jbhus that legal judgments if accora^^anied with a full 
statement of reasons, may apply to a wide range of differing , 
cases. And so also with all reasoned conclusions in pobtics. 

very same proposition that-declares the consequences of a 
despotism in given circumstances, implies the variation of the 
consequences "in ^degree, as the despotism varies in degree; 
find the reve^al* of the consequence^ by ithe substitution of 
►freedom. All such ad^tatipns ai^d principles are to ue held 
as of the nature of deductions, for which inductive verification 
is desirable according to Ihe extent of departure from the case, 
embodied. ' J ** * * • 

(4) Attention has already been called to the circumstance 
that Politics deals wth men collectively^ and not individually. 
In the view of the politjpian, a> million of human beings is a 
le{?B complicated thing than a single individual. The large" 
scale of the operation reduces its Complications. The maxims 
for governriSg a nation (in a ^certain , rude way) are ^simpler 
ijaan the maxims -for managing single persons, if we have to 
consider, all the nynute peculiarities of. each. The foreign 
Minister, has to transact business. witli one individual. 
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may have his iugenuity and patience more severely tasked than 
the Home Minister, who deals with the mas3 of a nation. 
(I?he limits of the proposition are contained in" the reasons of it 
(as just remarked) ; if the mass of the community' breaks up 
into, iiidivftdualitieo, by social discorcJ, there is an f?nd to the 
^g.cili<^y arising from collectiveness of action. iv o 

(5^)- Not the least important ^simplification vf ft© Politiyal 
Problem, whether for theory or for practice, is the Limitation 
of thp Province of Government — ^he transferring of business 
from Public to Private^ management, " The. tende*ncy of all 
socijpties has been to Over-government; and^the relaxation of 
this is one of pie favourable symptoms of existing societies. 
*3^he proper pr.^nnce of government is a question to bo solved 
according to the circumstances of the tima A state religion 
may be"" suitable under one state of things and unsuitable in 
another ; so great are the advantages of disburdening the civil 
ruler of such a charge that a case must always be made for ' 
retaining it. 

Fallacious Methods in Politics. 

34. These are for the most part implicated in the stater 
^ment of the sound methods. 

(1) The exclusive employment of the Experimental Methods is 
shown to be insufficient in the complications of Politics. How 
mjuch more so is mere AgreG/nent without the studied variation 
of circumstances demanded by the method ; and yet such is 
the 'u8ua! procedure of untutored minds. Thus, any institution 
whatever is pronounced beneficial, because the country has 
prospered under it. This ii:^ the grossest form of empiricism. 
The cgbreful employment of the Experimental Methods would 
avoid such Errors ; but would still be inadequate. • 

(2) ^ pqrely Deductive Politico is equally at fault. Even 
starting from the best Psychology, and the best Ethology elabo- 
rated with an express eye to Politic^^ we should neVer be able 
to infdr tendeacies with perfect^^recnsidn, still less to compute 
the sum of a plurality of tendencies. With the highest skill 
in psychology, with thb best possible apprhtiiation of the ave- 
rage development of the grea? Jpadiirg attributes of the mind, 
in a given race of men, and with the closest attention td 
physical and other circumstamces,-»-wer should still break down 
in the attempt to say, .how a community formed froiQ such a 
race, could prosper under ‘either a despotic or a democratie 
g^wernneent, with or Without a religious belief. * 
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Allusion baS becu mauc vy crrur ui H politicaj 

• cause in a single circumstance, instead of an aggregate situa- 
tion, or group of circumstances. ' , ^ 

(3), ^ir Gr. C. Iiewis has fully illustA.ted the asajiniption of 
false and fictitious caiiseff in Politics, Sucbi are myiihicfil or 
legendary causes ; fictions ^of law ; and the supposed aacial 
contract sugsresied by Grotius, and fcf mally arguedlby HolDjpes/ 

PKAGTIGAL POLITICS. 

35. In every P,ractipal Science, wamust begin by setting' 
*• forth the End. In Politic^ as in Ethics, this may-be 
variously viewed. 

In most practicaVsciences, there na dispute as to tne end. 
In Ethics, and in Politics, the case is different. Even^ whe:;;^ 
jparties agree to call the end ‘human happiness,* 4hey difier in 
the meaning attached to 4t. • • 

In antiquity, tlie Athenian and the Spartan Ideals .of So- 
piety.were totally differeift ; so*muph so that, on the basis of the 
same Theoretical Principles of Society, the ^ules of. Practice 
would be distinct. I^he end in the li^man Republic was* the 
power and glorification of the State. * A leading design of the* 
Spanish rule of AmSrica v^as the conversion of the nations* to* 
Catholicism. 

According to some, the end of the political machine is good 
government, or the best^mode «c>f carrying* out the primary 
objects of Defence, Security, &c., on whose account society • 
exists. If a despotism accomplishes this best, a de^potiami ig 
th(5 best government ; if ilot, not. ** • 

Others, as Jir. .Mill, maintain that the cultivating of* thq 
energies of the ptople is an end independently valuable. MJ^hen 
this is coupled with the farther assertion, wiat by Such means 
* alone can a high standard oftgovennment be maintained, then 
both parties agree as to, the end, but differ as to the means. 
It is, however, possible to maintain that a worse government b^* 
the people *themse Wes, is*prefef able to a better that excludes 
them. ^ . 

Another way of^'kpressing the same Antithesis of ^nds Is *to 
cqptrast passive enjoy meit'wittf free action, it be held, 
on thfe one side, that what gives the greatest amount oj|^ sentient * 
pleasure with the lea^t pain; is tKe highest ideal of society ; 
and, on tlie *dther, that what allows the greatest scope Itp lyberty 
tftid individual! tyj^Wth or \/ithout mere ‘sentient enjoyment, is 
absolutely tut* best^ 
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These different inodes of conceiving the enis of society have 
^ a great influence on actual practice. The ‘ paternal govern- 
ments ’ will' not conform to the plan of leaving to the individual 
the utmosl; liberty compatible with liberty of others. 

’C6. Tl\e Political end being st&tefl, thr principles of 
Theoretical Politics are all convertible into maxims of 

• Practice. i . 

The principles of Causation irt' society, when stated as laws 
of the cwder or succession of events, arn theoretical principles ; 
when stated as rules for effecting a given object, are practical 
! principles ov maxims. Discussing theoretically the work- 
1 iiigs of Dyh\V/yracy, we trace certain tendencies of the predo- 
minance of the nuifferifeal majority,, and the tendencies of 
'certain political arrangements to counteract thesji ; whereupon, 
having in view the end of allowing no class unlimited ascend- 
ency, wo lay down as a maxim or rule the providing of such 
checks. 

Theoretical politics enounces the proposition that certainty 
of punishment is more deterring than severity ; practical 
politics converts this i?)to the precept, — Make punishments 
cei’tain rather than severe. 

The requisites of Stability above laid down are convertible 
into maxims for attaining stability. So with the theoretical 
conditions of Progress. 

• Although Practical PoKfics is '‘thus Theoretical Politics 
oyer again, with the addition of well defined ends, there are 
'great c.dvantagcs in laying put the subject in both forms, we 
being aware that the substance is the same. The theoretical 
form is the one most convenient for investigation ; while the 
repetition of the pi’inciples in the preceptive dress, if done so 
as not to confuse the mind, is both suggestive and corrective 
Moreover, it is only by 'the separate treatment of the two 
.departments, that we do full justice to the special, point raised 
in the practical department — th^^ political en^. The full 
handling.*^* ot' the various mo^es of Viewing the end would 
jqj?;tify a long preliminary chapter of Praf^tic?al Politics. 

It has^^been well pointed ,ont by Sir (x. 0. Lewis that the 
r propositions of politics are ordinarily cast at random; sonje- 
tiraes in the theoretical, sometimes in the practical "mould. 
‘'The nK)re haste, the wofse speed * in theoretical ; ^festina 

ft;’ is practical, r' ^ * - 

Much of Theoretical Politics may be unavailing for practice, 
at least the limiited practice of a given country and ti^pSe. The 
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^theory of Politicos, in its moSt imposing pretensions, compre- 
hends the Philosof)hy of Universal History, much of which is 
of limited practicj^l application. Herfce the practical branch 
is content with selectiijg m, portion of what lif%s been eliiboj^ated 
» in theory. ’ ^ ^ . . . * • 

Again, the p^tical Inode of selection has the farther pecu- 
liarity of alter^g the*arrangenfe\it or grouping of the political 
• dicta. In the theoretical investigaticgi, the general tenden^es of 
different iiistitutions a»e described in a methodical arr ^~7 
^ Forms of Ghovernnient^War organizatibn, Police, Ju^ice, &c. 
‘With a view to a practical end, we borrow from many differ- 
ent parts of the theoretical expositibn,*the of cause 

and effect conjoined^n a peculiar structure, as for example, the 
Poor Law of a given country. This is the prevailing f^rm o[ 
all practical dfepartments with- reference to the aijied theoreti- 
l5al sciences. • » 

Many of the greatest social devices have originated exclu- 
sive^ in the hands of men o^ practice, and have been stated 
first in the practical shape ; being afterwards enounced in 
theoretical propositions. •Such are tlie English Constifutlqn, 
fMo union of Local Management with Central control and 
Inspection, the systSm of fastening Eesponsibility upon the 
real authors of political acts. Mr. Mill regards as one' of the 
most valuable securities yet devised for good government, the 
device t^at grew up in the^East India Corapaily^s rule, namely, 
to associate the chief administrator with a Council to advise, 
but not to compel; thus leaving the responsibility upon a 
definite ffadividual. * 


CHAPTEE IX. 

LOGI/f.OF MEDICINE. 

1. The scop®, of the Prartical Science of Medicin^ is 
giTen by the Definition o^ the!,correlalive couple^Healfh 
apd Disease. . ’ • 

The phenomenon, expressed hf Health on one side and 
Disease on tlf® obverse, is inde^;iable ; jt is an ultimal^ f^ct of 
human experience -like Life Itself, of -which it is a unique mode 
or mani/estation. The attempt to convby a yotion of Piseai^ 
to a personithat had never seen or experienced any examples 
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of disease, would entii*ely fail. ,Td call it ‘a perverted Life 

Process ’ is to give an analogical phrase, but' as the phenome-*: 
non is uniq.ue, analogy gives no assistance. 

Thus, although Disease is a highly cohiplex fact, yet so 
novel ai?9 its mtlhifestations, that ^o« must define it by the 
* niei&ods adopted for' our siihplest ei^eriencGJ, as i^esistance, 
motion, colour, line, an^le. . We must referkto a number of 
•exavnples in the concrete, and generalize these into a com- 
prehensive statement, which thek examples make intelligible.* 
' ‘After we become acqu^ainted with a ce^^taiq numbei* of diseases, 
th,e others can be understood by description alone. 

It is barejy possible that \iithout actual experience of In- 
; flaKimatio«#^ue 'might' form a constructive notion of it from 
its technical characteifs—vobjective and subjective. The objec- 
itive 6haracters — redness, swelling, heat — might be conceived ; 
tho^ain alio, if otherwise kiiown to us, could be called to 
view, and united with the other Symptoms ; and the mind 
might laboriously fuse the whole together. This is only not 
impossible. But the greatest poolers bf description iv tl^ 
expositor, combined with the highest constructive faculty in 
the learntw, would brdak down inf the endeavour to realize 
F^ver. The subjective experience, being one unknown to a 
person that had never been out oi' health, would be unintelli- 
gible in the reference. 

A few experiences of Disease give a meaning to the corre- 
lative notion — H&lth ; whbtice we oan define disease nMgativehjy 
by. the infringement of Health. The positive definition, would 
•-] 7 e iJn^^dsult of the comparison of all the inodes o^, derange- 
nuyit, the generalization oi* diseases ; but writers usually 
remain content at the outset with the negative^ statement ; in 
other words, they- define Health, by assuming the knowledge 
of a few specimens of ‘disease. Health, in its most complete 
acceptation up to this tinVe is tbe absence of all the 1146 dis' 
^eases put down in the ‘ Nomenclature of Disease.’ 

The science of Medicine is an^fidequate description of all 
these forms* of derangement, departure from Health, with 
a yiew to suggest means for averting or rem< 2 ving them. This 
practical end implies an extensive knowlecige of causation with 
reference to Disease. « * ** , ' « ^ 

A.S regards the large niynber of Diseases, the complicacy of 
their characteristics, and the existence- of generic and specific 
agreements and dififepfences among them, impart to the science 
of Medicine a certain community with* the Natural Histc/ry, 
•or claSsificatory«sciences — as Mineralogy, Botany and Zoology. 
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The analogy to the two lasli still closed* through the circum- 
«iance of evoluti«n,^or the successidh of stages, in most dis- 
eases. 

Sciences prepara tory to Medickj^. 

2. ©isease beiu^ a stajbe of the Humaif systeii>, the scieilbe 
of medicine restiimmediately cg\ the^art of Biology, callt^l 
Human Anatomy and Physiology. 

All animab, and .even plants, are liable to abnormal action, 
or disease. The consideration of the subject, however, reaches 
t^e highest development in coniaection with human beings* 
Animals share in many of the humaif diseases,* and* hjtve soi^e 
special to themselves., ^ , 

When we name Biology, we may be supposed to exbjiust 
the sciences preparatory to medicine. Strictly spriaking .^thi^ 
is^true ; inasmuch as all otlier knowl<idge applicable to dise?lse 
is applicable through biological science. Yet it is well to acfverb* 
emphatically to the inorganic sciences — Natural Philosophy 
anfi Gliemistry — which, in their present impit)ved condition, 
yield many suggestions bearing at oiuie on tli’b medical ar*fc* 
Physics, in both its divisions — molar an(J molecular, (Jbemistry 
— both Inorganic and* Orgataio, are full of applications td 
medical biology. The medical man, in order to derive the full 
benefit of these scieues, needs to study them apart, as well as 
in their applications in Hum^n Phyi^ology. •• 

Intermediate between Human Physiology and the Practice 
of Phj sic, are the exhaustive enquiries into special •orgatis, 
and special’functions ; as exemplified in the work of Dr. Iwkes * 
on Urine, and in thje researches of IV*. Edward Smith, ProT. 
Haughton, and other's, as to Food, Muscular ^Power, Respirj^- 
tiop, and other, applications of Physics* and Uhemistry, with 
experimental checks and verifications* 

• 

* Pathological, based^m Physiological ^ A nalysis. 

3, The Ainalysis’.of^^Iie Onanism for Phjsi 4 >logiJ;al 
purposes is likely, to prove a basis of Pathologic^ analys^.^ 

It being found that the g^’eater number of J^isef^^es are 
loc^kedf in separate organs or tissues, we are aided, in class- 
ing diseases, by a full enumeration of all those independently 
diseasable part^. Now,’ Physiology ’reckons up the separate ‘ 
tissues and* organs of the body; aqd ‘Pathology en^ifles 
whether these are all separately subject to disease, The 
classificatfon ^of diseases (with the exceptioil of wha£ are ’ 
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termed general diseases^is maJde to follow the plfysiological 
division of the organs — Brain and^l^ervous System, Sens^/ 
Circulation, Absorbe»\t System, Ductless Glands, Respiratory 
Sy^teip, Digep,tive System, Urinary System, Generative 
System*", Organs of JjocomoJiion^ Celijilar Tissue', Skin. And 
ijasmucH as*^most of t^ese systems *ire complicated grohps of 
organs, for exam*ple, the Digestive SystefA, a farther* sub- 
division is made of localities of disease — as Teeth, Glims, 

, Tongue, Salivary Glands, Stoniach,, Intestines, lyiver, &c. ■ 

This Anatomical arrangement of the seats of disease would 
be of little value, did not ^ diseases confine themselves ^o 
separate olgan^s, while exercising a secondary influence on 
adjoining and connected parts, or on the general system. 
Th\j^, a disease may*” accomplish its entire course in the i 
bronchia, f,be stomach, or the kidney, with no farther injury 
tO' tiie rest of the system than ^arises from disturbing fhe 
balance. When one member of a business establishment is 
incapacitated, a certain deranging eflecj; is felt throughout the 
whole ; but thrt efiect is a different thing from the incapacity • 
^Oi one making the in(^apacity of another. ' 

The pbint for the pathologist to consider, therefore is 
what parts and tissues may be saparp'tely diseased. This is 
to push the local analysis of disease to the very utmost. Each 
of the "parts, thus distinguished, must be supposed to have 
independent Vigour or 'VYM^'kness, as measured by the energy 
of function, and by the resistance to deranging causes. 

\Evei?,. in properly local diseases, however, there must be 
morebr less tendency to affect adjoining or connected organs ; 
and there is thus a scal^^ of kindred established between each 
organ and the rest ; disease of the stomach affects the intestines 
and the liver before tjie lungs or the kidiAy. 

It must be admitted, however, that the alliance of local con- 
nexion is apt to be cverborne by the distant alliances established^ ^ 
through the two carrying organs- -the blood and the nerves. 

• ^ 

/ O 

, 4. The analysis of physiclogical Fu'nctions is also an ana- 
lysis Qf diseased actions, 

Ev^ery function performed by an organ may be affected in 
disease ; and, in some eagles, one function may fall into disorder 
independent of the gthers. , yhus tha liver bj&s a plurality of 
functions; and disease may consist in. changing one, witj;i no 
more than an^jndir'ect result 'upon the^’est. ^ The pathologist 
needs to avail himself of this analysis likewise. 
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6. A f&rther nAialysi^iiiuSt be lyade of morbid Products, 
' Jr substances generatca in disease, and unknown in the 
same localities during. health. 

^ This is a departmeiit*9pe(^l to morbid Anlftomy, op*PatJlio- 
logy*, and* is prcis^cated J^y the assistance* of chemical analysis, 
and gnicroscopicA examination.^, All ^snch products are to be 
carefully ascerteiined, * classified, and described. After^an 
*acgount of the characters of* each, s6me mention might J3e 
made of thf diseaCses 'v^erein they severally manifesto them- 
4^elves. Finally, their causes, known or supposed, might he 
given. But care is to be takeh npt to jumble yp all these 
three expositions in one. * * . ^ 

There is a close arfd natural connGxion*between the account 
of new morbi(J deposits and the morbid alterations oi^ the 
several tissues. The same method needs to be foflowed’^i^ 
these ; each 'morbidly traifisformed !5tracture being descjJoei 
with reference to all its appearances and re-actions, ascertained 
by chttmical, microscopical,* or otheftmeans ; the description to 
be followed as before % mentioning the diseasq^ wherein jea^^h 
o^urs, together with a«y assignable caftses of the cliange. • 

E7iumeration of Diseased Processes — General Pathology, * 

6. The numerous diseases affecting the various organs of 

tlifi body, as well as those attackjnj^ the \^]|p)le, consist in 
the repetition of a small ifhmber oi diseased 'processes. Such 
are Inflamation, Congestion, Hflemoriiiage, Degeneration,, 
Tui^ours,*&c. • • % • 

7. The process .called ‘ Fever ' is considered as a general 
disease. 

.'Upwards of twenty forms of discasecT process can be enume- 
rated ; Fever and Infiamnfatiorf taking thejead. This is doubt- 
less a* great means of siti^plifying disease, although, in the 
specific varieties of the djjfi^ent j)rocesses, there is a consider- 
able burden of detail*.* ]hflamm§.tion is pretty mu(?h the same 
in all organs ; befng^imilarly caused, and similarly brou^t 
to a termination. , • , > ' 

Jb is proper to .give a general •and comparative account of 
every one of these processes, adverting to their modes and 
varieties, befq^e taking up the spfecial diseases whese they 
enter. Chapters on !^ever ingdileral,^an*dfOn Inflaramaftoitin 
geiferal, are usually provided i^ advance , of the detailed de- 
scription* pf diseases. 
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• (general Therapeutics, 

3. genQi-alizing of Diseasf^^s, through the recurrence 
ot a limited nuinher of rdis^sei' process, suggests the 
g'^neralizing of Remedial agencies. 

*3y way of anticipating the remedies for the special diseases, 
tkere is the same propriety iwi taj^ing a general vie\^ di 
remedial agencies, as in taking a general vieAr of diseased 
processes ; the one being made possible by the other. Vepy 
great advantage accrues from studying each remedial agent, 
not apaftrfrom all particulars, which would be absurd, if it were 
possible, but in conilexhn with all particulars. 

i'ov exapaple, that remarkable fact called^^by the various 
fja-^des — metastasis, counter-irritation, derivation, revulsion— 
shoctld be discussed at the outset on a comparative survey of 
its characters in all variety^ of circumstances. This is the 
only means of gaining a clear and steady grasp of its (jemp^iss 
and? liinitations, or of the causative conditions of its working. 

Again* a similar gfsheralized view* should be taken of ^ the 
process called Stimulation, wl\preby,^ through a variety of 
means, nervous action is heightened, with an increase of other 
dependent functions. 

The justificfdiion of a (general Therapeutics, to assist both 
in investigating disease,' and in •treasuring up knowledge for 
us^, is g-pparent in the great number of diseases that have no 
specie. Take Typhus, fqr exapaple. The only, directions 
given relate to the employment of the general reiliedies 
adapted to the symptoms of the disease; sold affusion or 
cboling drinks jfor the main fact— excessive heat ; stimulants 
to resist the depression of the powers ; ^ purgatives when *l^he 
bowels are confine^ ; sifdorifids, &d ^ 

Although the removal of the pause of a disease, with the 
occasional plying of the opj^ositei ^x^ust always be a large part 
of Therapeutics, it does n^t make* the whole. When the 
poison of typhus Jias once entered tl\p^ blood, the removal of 
the caijie irrelevant ; tbo efl^^Jcts are already produced, and 
must be counteracted by new agencies. Hence, we have grst, 
General Causes of Diseases, with Hygiene (which a know- 
ledge of causes may fairly exliaust)* ; ‘secondly,, General Thera- 
pgulScs, as countervvbrl^ing the derangepient actually produced. 

General Therapeutics might thus convenmntly folloW the 
geneVal accouift of the Causes of Disease.* The two branches are 
closely connected without being ide(itical. The general causes 
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^re sucb as — HeVeditar/ Constitution ; Atmospheric ’ causes 
(Miasmata, Cold, Seat, Light, Electricity, moistuue); unsuit-* 
able Food and Drink Over-exertion or Excesses f deficient 
Sleep ; insuf]Jcient Exenoiffe : Poisons, &c. &c .• In thb^ucnouMt 
of th^se npxious^gents i§ im^icatfed the Ifranch called HygijSrie, 
or \jrarding off diseases by avoidipg t'ifeir causes, under whjeh 
are indicated, obverselj^, the causes of thafc vigour of the organs 
•which we measure by the distance pliiced between us and (Jis- 
ease. ^ * , • , ^ ’ 

. The Materia Medica usually contains a Therapeutical classi- 
fication of Medicines ; as Toftics^ Exhilarants. Narcotics, 
Emetics, Purgatives, Sudorifics, Diuretics, S9c. TIt© minute 
detail of properties mnder each of these ‘classes, occurring in 
the larger works on Materia Medica, is to a great ext^t a < 
repetition of general Therapeutics. 

* • . * 

Notions of Medicine. — Definition ana utassijication^'^ 

J)iseases. 


• 9. t3f Disease on the whole, there is no* definition^tltat 
is of an}^ value ; defining begins wiiJh the special appeal*- 
affces of disease. 

The very beat generalization that can be given of Disease on 
the whole, is too vague to furnish any useful iudwations. 
When we begin to specify morbid ^ppearancejs^ and, under the 
name of U Disease, to group those %at are connected in the’ 
same outbreak, we are enabled tg construct definitions, o(ten 
short of at)solute precisioUj yet faithful to the great rtmss off 
actual instances. 

The Notions ^f disease concern (l^ diseased processes, and 


(2) diseases. The«diseased processes include Fevej', InfkTn- 
mation, Conge’sfion, ^Hromorrhage, Dropsy, Atrophy, Hyper- 
trophy, Degeneration, Tunfours, •Parasites, palculus. Functional 
weakifess, &c. Of these vj^rious processes, we may specify as 
distinguished for their prasvpjence in common diseases — Feyer, 
Inflammation, Degeneration, an(f Functional derangement. 

Fever . — Fever ig^a general state entering into many diseas^’s^ 
and now susceptible oi being ^jharacterizea in its generic char- 
acter. .Mainly tl^rough the uarefal observations of Dr. Parkes, 
a generdlization of Fever has been arrived at, such as tt) con- 
ciliate all the appearances. The generalization is expressed' 
by the simple *fact — ‘ Elevatign* 6f Temperature.^ A tlse^of 
teojperatare in the* 8ody generally, to the extent of 4® of 
Fahrenheit; is a* stat^ of Fever ; while the incil-ease ma^^ pro*' 
ceed fjo S't or even 12®? Fahrenheit. 
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As there is no circumstance cl'aractcristic ot\l^'ever in 
general, but ^bisone fact, and its imp\ications»or consequences, 

' this is the complete definition of the febrile state. Any expla- 
nation or illustra.tion of it should consist in stating a variety 
of ihstaiices shoeing the elevatecj^t&iperature. 

I'he following definition is' encumbered wftV statements not 
])di6nging to the definition— A complex mojfbid state acpom- 
panying many diseases as part of theii* phenomena, more, or 
less constantly and regVilarly, hjit variously modified b}’^ tfie» 
'specific nature of the diseases which it •accompanies . It 

KfiSENTIALLY CONSISTS IN ELEVATION OF TEMPEKATlJEl!:, wllich musi 
arise from g,n increased tjssuh change, and have its immediate 
ccCusG unrlteratHon of the nervous system.' The first sentence is 
a pure superfluity. * Tke setting apart of Fever for separate 
' cons^ideration, as a preliminary to the discussion of particular 
KvjfCLte diseases, implies what Is therein stated-I-that fever is a 
'•Dr‘cv^:dd state, and that it accompanies many diseases. AM 
such wordiness should be sedulously avoided in definitions. 
A dijGPerent criticism applies to the 'exprbssioiis given in^talics 
— arising froiji an increased tissue change,’ ‘having its imme- 
diate cauco in alteratf^n of the nervous system.* These are 
iipt idle phrases, but describe circumstances of radical impcfi t- 
auce.»- Why, then exclude thoin from* the definition ? The 
reason is that the complications of disease require the separate 
discussion of v^hatever cap be separately discussed with ad- 
' vantage ; and, * almost eVdry whe^e in medicine, it ds advan- 
tageous to separate the description of the fact, from the 
, enquirvy into the causes of the fact. A definition should give 
whatever is essential to the determining of a fact* or pheno- 
menon. It should not‘ assign the causes, por deduce the 
consequences of ithe phenomenon ; this is,to advance beyond 
definition to predication, and should be a dictinct expositQry 
statement. 

It is a proper appendage to the (^finition, to enumerate the 
or(J.inary supei'rficial appearances^/^o,f fever, which constituted 
its definitfbn before the ex&ct geneyalijsation wAs arriveci at, 

‘ hof skin, quick pulse, intense thirst, scanty^ and high-coloured 
urine ^fit the same’time subjecting thes^^symptoms to a critical 
examination, so as to point Qut^tlfeir shortcomings. ^ 

The fact of Elevated Temperature being sufficiently shCwn 
by an ^appropriate selection of particular cases, the important 
predications above^ alluded 'to may be taken “. up.^ From the 
Law of Conservation, as applied to the*animal economy, there 
must be an in(Sirease of tissue change to*^6upport thetheat, and 

^ ' 
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.t^e endeavour sUctld be /nade to asl^ign this tissue change in 
its exact circumstances, and numerous outlying eSfacts. The • 
account of fever is» not* complete withdtit this development. 
The conclusiqns of Dr. Eafk^, obtained by a*iarge induction, 
•and ci)rrotorate(i c[eductjv’ely^)y tbe*Law*of Conservation, ^e 
most^valuable. ythe increase of .temperature may be (or is 
frequently) ^Ittended wifh increased elimination ; and therefore 
presumably with iuoreased tissue change.’ Again, what seems 
to contradict the gcnjeral Taw of Conserv^jbion, — ‘ the prpducts 
qf motamorphhsis, as judged by the excreta, maybe diminished 
in febrile cases.’ The contradictJbn, however, is onjy apparent 
for there is good evidence in such cases,* of an Undue fietention 
of excreta, which raaices one of the bad •accompaniments of 
’ fever. Careful observations prove that while the actual 
amount of excreta is small, the tiSsue-change may still be - 

•It is obvious that this topic involves a great amouat^^A^ 
detail, ascertainable only by observalion, although checked by 
the general law of dfefinil^ changes accompanying definite 
results. The state of every organ, and the aftprations ii\ qjl 
the excretions — pulmonary, urinary? tiutaneous, intestinal,* 
&(f^need to be exactlv gathered from the facts, and made q 
clue to the windings ortho special febrile disease. • 

The second predicate given with the foregoing definition — 

‘ the alterations in the nervous sys^pm * — also Reserves to be 
illrfstrated^ proved and unfolded, in Vseparate* Section. 

Other important predications extend the discussion of fever.: 
such are the procuring cause, and’the course or evoltRi^,*iD 
so fa» as bSonging to fever generally. , 

The foregoing^ outline represents tllfe exhaustive account of 
Fever, as a diseasediprocess. We began witU the intention ®f 
illufitrating definiiMin Medicine; but, it was* advisaT^le, once 
.fof all, to show the bofindaiy betiveen legitimate definition and 
predication, which is habitjklly disregarded in medical sub- 
jects to the detriment of thi^handling, both in A logical point 
of view, and? as regV’ds* (Bxposift>ry clearness. Tha filling 
up of the sketch woijld be the account of Fever, coming unde/ 
a previous heading— ^^Inuraeratioq of Dfseased Prqpesses* 
« 6.3 . , 

Iftjlamtnation. The complication of this state is very consider- 
able ; but the method .iff plrtin. •We must separate the 
definition frgm *the predications ^ •and, in* /he definitionf we 
may* separate the stt^erficial appearances of the ordinary 
diagnosis, from the essential fact,* or facts of the^tate. * • 
Firsias t6 tlift definition. {The traditional characters of iafifiitJ- 
^ SjB 
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matioii are the four facts— si*elling^ pain — which 

^are a tolerjihly close approximation. ^ There might be a con- 
venience jn briefly illt strating these pointy as a prelude to the 
improvi^d generalization that can nsw^be afforded. 

Sven then^ however, the only '"correct course is to adhere 
in the first instance to a. description df the characters, for the 
- puraoses of identification ; retraining fifom alfremarks bedring 
on xho causes or ex^ang,tion of the several symptoms: The^, 

A kind of redness^ its various hues, thf, morc^. or le^s extensive 
prevalence of the mark, — are the poifits proper -to the eluci- 
dation of the property as a defining and diagnostic circum^l 
stance ; J[jhd sanje rigid plan to be followed with the three 
remaining sympton?s. The triumph qf the expositor’s art 
, in this effort would be, that no one could ever mistake the 
|rflammatQ'’y redness, swelling, or the rest. * 

, "file appearances being, thus expounded with all the necei- 
*8afy’‘'ei5forcement, it is admissible to consider how far they 
may be connected, either by implication, or as cause and effect, 
with one another, or witli circumstances still more "funda- 
mental. ‘ It is •‘then eacy to point Qjut that the fact of congestion 
is a very. important addition to our knoVledge, and, if impar^iid 
<5n the plan now stated, re-acts on our previously obtained 
knowledge, by resuming in a single statement all the four facts, 
and still more, by accounting for the failures of one or other 
of these in parEicular instances. ^ ^ 

The faulty mixipg up of description with causation is exempli- 
, fied in the following sentences regarding Inflammation : — ‘ Very 
''often*?he pain is a “bulking” or throbbing pain —e*/ery beat of 
the heart makes itself felt^in the tender part. The pain of inflam- 
mation results no doubt, from the implication of thf nerves in the dis- 
eased processes' ‘^^pcaking generally, therefore, there is more pain 
felt in external inflammation, because there are more nerves of crni- 
mon sensation,^ c . » ' * ^ 

It is next to be' seen what beilOT account can be given of 
in^mmation,‘* grounded on the jj5u,nerior physiology and ob- 
seiVations^ of recent times. The definition of Dr. Aitken* is 

A cpmplex morbid ^process characterized,-^ ) By a suspension of tho 
concurreflt exorcise of function <amo]w the minute elements of fhe tissue 
involved ; (2.) By stagnation of ^he blood and abnormal adherivep^^s of 
the bitod discs in the capillary vessels contiguous to the tissu6-elements 
< whose ^notions are suspended ; (3.) By CGnyaction of the minute arteries 
leadix^^ to the capillaries of the t^i^cted part, with subsequent dilatation 
aifd paralysis of the obntractile tissuu of the i^i^ted blood^ vessels Tho 
nutritive changes between tho blood and the minute component elefients 
of the affected ti^ue become visibly altered, ailfl althbugh appreciable 
exudation does not necessarily follow, yet a ednstant tendency hetrays 



B55 


filFIKITlON^ OF inflammation; 

> * 

very exfcaustive^ but di^urdened of various points 

more suitable to predication. The following appear to be the 
essentials of the enumeration. i ' 

(1) Sv^;pended fundio^i- of the tissue involved, — It ^appears 
from the Observations,, tha^ an /liberation of the tissue — stlch 
as to iApair i'rs-proper functions, th>at is, its relations to the 
blObd in the way of absorbing at)urishmen1b, and its secreting 
or other functions — is the primary fact,^the starting poidt of 
the subsecment cjfangee*^ 

(2J. Stagnation of tluo blood, 

(3) . Abnormal adhesiveness of the blood discs in the cajpUlafies 

adjoining, • . ^ 

(4) . Contraction ^ the minute arteries s'^pplying the capillaries 
of the party followed by dilatatmi and%s8 of contractile pi^ek ^ 

(5) . A tendency to exudation^ varying according to cirojim- 
istances. 

Not until each of these constituent facts is made intelHglTO^ 
and verified by refergnce^to observation, should any discussion 
be cOfnmenced as to their causative connexiens among them- 
selves, or with other fac^. The description* being nrs*t fqp- 
^red complete and intelligible, therets the greatest interest in 
trying to show, for eminplef that the first fact — suspended func- 
tion of tissue — leads to the blood derangements afterwards 
enumerated ; and that the heat, redness, swelling, and pain, in 
the old ^enumeration, follow as eff^pts from ♦‘the train of cir- 
cumstances, as given in thi definition. ^ ^ 

The new growths and deposits should be reserved foxv di^ 
tinct predication. So alsQ should be the cause or evedl of tlife 
attack, whether favourable or unfa-i^ourable. • 

The exkemi variations of degree in morbid states, originate 
j^pearances gqproely short of differences oTi kind ;• and tfiese 
have to be explicitly enujnerated, as^specific modes of the main 
phenpmenon. A distinct consideration* should be given to 
such an important accompaniment as fever, Q,nd to the con- 

iteelf to the occurrence* of an interibitial exudation, hut which, ui^der 
proper regimen and ^rip^r remedies, is often abortive. When an exuda- 
tion follows as a result of the inflammatory state, it is apt to hssociated 
with an, unhealthy condition the blood, and of the blood plasma, and 
to*8e associated with varied forms of new growth, according j:o,-i-(l.) 
The elementary structure im whi^h it occurs ; (2.) The special zymotic, 
constitutional, or local dislase with which this complex morWd process 
may co*exiBt ; alid (S,) According fb*the progress of the inflanmia^on, 
the^amount and sudaenn^s of the efiusion, the extent of tissue involved, 
the diminished vascularity, and the powers of absorptj>n of thd 8urround> 
ing p^rts/ • 
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ditions’of it (the chief being prob&ly severity of the local 
^attack, and; poisonous virulence). ' ^ * 

The hypothetical vidws started, in the absence of a theory, 
to cpnnept the w^iole cycle of circuogtances should be given 
last*pf all. 

Xo frame definitions oi juegeneraiion sma rmciionai jjisease^ 

. beyond the statement of the pklpable appearatjees eo named, 
would involve hypothetical considerations, such as require to » 
•be admitted into medicine, witfi du^ regard to Jheir exa*Cjt 
value. * ' « 

Correlative with the definitions of Health and Disease* 

V generally,. ai^e those of the'important words Gonstitutioa^ Tem^ 

* perament^ indicating a hypothetical permanent con- 

^ditiora of the system, manifested by the tendency to incur or to 
, jt‘diseas 3S ; and more especially diseases of enfeebleinent 
^and‘ degeneration. A wea,k chest, a-t strong stomach, suscep«- 
ti&ie nerves,— are modes of stating in a useful form such actual 
occurrences, as that certain persona* are* easily affected with 
chest disease, or^^resist the agencies of stomachic disorder, and 
sp oil. They sfiggest thp mode of iife best fitted in each case 
to ward off attacks of d^)sease. ' 

** Definition of specific Diseases.-'— The <wery general states 
above ^quoted exemplify definition under the greatest simplicity, 
as I’espects the number of characters, although not as respects 
the generalizin§-<and seiiyAg of the true characters. When 
we proceed to the more concrete forms of disease. Typhus, 
.Gcttt, Pleurisy, Neuralgia, Jaundice, &c., we have the general 
precedes, Fever and the rest, witl>many various accessories, 
constituting the specific characters of the individual affections. 
Consequently, the definitions are apt to be \^olulnincrus in their 
statoment^j and tfiere is still more need of method. ^ 

Examples have now bepn giv^n of Jhe two different modes of ^ 
medical definition-; ^the one corresponding to Diagnosis, and 
' framed with a .view to identify a dpease by such signs as are 
best accessible ; the other, the mo^ Spnipleto generalization of 
the essential fact or facts of ^^he disease, which facts may or 
not lie upon ^tho surface. The'Mferst is requisite for 
distingufehing diseases ; the*secoei(i, for understanding them. 

Let jis take an example. tSmd is defined by Dr. GArrc^d — 

‘ A specific form of articuiar inflammation, invariably aocom- 
paqie^ ^with nrio ac?d in blood, and deposition of 
urate of soda in the^'affected tissues.* The positiohs given to 
<the Wtprds ‘spqpific* and ‘ accompanied , suggest^ what was 
probably not in the. author’ ^ Strictly ini^rprete^, the 



DEFiyi:jION Oli SPECIFIC DISEASES. 357* 

language raeau^-^-Gout articular inflammation of a specific 
^jharacter (not destribe<#) ; it has, for concomitante. uric aci(^ 
in the blood, and (Jepoaits of nrafce of ioda. The* yeal mean- 
ing must be presumed tp Ae — Gout is articuliir inflaijvnmt^on, 
specifically niarkt3d by lii’TC ifcid,.&c. • . •* 

Ttis 3efinitiSff is ode of those advanced general izaficips, 
attiflned in some distases, whtffli pene^ate to the essential. 
» features of the dise.ase, without fully expressing the symptoms. 
A^detailed ^account. of t^P symptoms is therefore added, first- 
under the title ‘ Description of an attadk of Gout, and of the 
progress of the disease * (a sort*of popular history of a case), 
and secondly, under ‘ Phenomena (5cc«irring*durfng,an acjitei 
Gouty Attack,’ whe^*e there is a mofe yigid and systematic * 
analysis into (1) Febrile Disturbance, and (2) Local Appear-, 
ances. • f • ^ 

• Again, Small-Fox is th»s define^ (Dr. Aitken). ‘ The^bro- , 
duct of a specific and palpable morbid poison, wlncn^ts. 
reproduced and multiplied during the course of the malady. 
(I). Jffter a definite period of inc^ation remittent, fever is 
established and followed »by an erijjition oif the •skin) &iyil 
sifnelimes on the mucous surfaces. With other concomitant 
and occasionally succeeding afiections (2). The eruption on the 
skin passes through the stages of pimple, vesicle, pustule,* scab ; 
and leaves marks or cicatrices on its site (3). The disease 
runs a (^finite course, and^ as a fide, exhauAs the suscepti-, 
bility of the constitution to another attack (4).’ ^ 

Here we have, in sentences (2) and (3), the leading synip* 
tom^ of the disease, whicb^ when elucidated at full, make upj 
as far as book description can go, tl^ characters whereby flie ^ 
disease is 'knof^n |ind discriminated. Sentence ( 1 ) does not 
pyoperly belong to* the definition, but to thcJ predication ;* ^he 
oause of a disease nnus^ alwjiys bp accounted a predicate. 
Sentence (4) contains twA statements, firetj * the disease* runs 
a definite course,’ which swely is true of many other diseases,* 
if not of ne^irly all > seqjSira, ‘ ittexhausts the sus(»epti bility of 
the constitution t9 another attJipk,’ a most pertinen*t circupi- 
stance, but still hetU/ff reserved for a predicate or concgmitffnt, 
than mixed up with the defiwing marks. • • 

is thus defined by Dr. Parkes : — ‘ An epidemic 
specific fever, with special and earjy implication of the nasor 
laryngo-bronot^ial mucous mepd3rane ; , duration definite of 
.frojn four to eight days ; one* attack not p*reservative in future 
epidemics.l The transposition of the epitl^t ^ specipo ’ ia 
desii^ble # An cpideniic fever, specially characterized by 
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early implication, &c.* Tbfs definitio^ also Jb-a summary of, 
symptoms, and nothing more. The Wthor proceeds, under 
the head ‘'Symptoms ’^to describe the^genvsral course of the 
diseecse, Srad unddt ‘ Gonsideratioi\ of“ the Special Symptoms ’ 
to atValyze them in thd deta'il ; Tempei’‘^ture, Cpnditio.n of .the 
Skhnr, Nervous and .Musc\ilar, Symptoms, Respiratory System, 
Circulation, Digestion, &o. " 

A 11 the facts stated in ‘the Definition may be fairly allowed 
as defining circumstances, with the exception perhaps of tlie 
last ‘ one attack not preservative in future epidemics,* wdiich 
might be reiser ved for predic^ition. Doubtless, if we had a 
!’gerj!eraliz{ttion of the central or fundamental fact of the 
disease, this would take place among dediKitive consequences, 
Or prbpria. But we do not need it in a definition consisting 
iJ^'^mmai^y of the symptoms^ 

following sentence commenced Dr. Buzzard’s definition’ 
of Scurvy : — ‘A peculiar state of mal-nutrition, supeiwening 
gradually upon the continued ' use *of a’ dietary deficient in 
fresh vegetable material, and tending to death, after a longer 
of shorter interval, if tile circumstafOces under which it arose 
remain unaltered.’ Here we have first a theory or hypothes^*s 
of the .essence of the disease (a state of mai-nutrition), secondly, 
its cause, and thirdly, an announcement of its dangerous 
character. All ^this is extr.aneous to the definition, which is 
given unexceptidhably (as’* at summary of symptoms), in wha't 
rmnceeds to the above quotation. 

Propositions of Medicine, 

f' 

}0. The Real Predications of Medicine, afe contradistin- 
guished from the Essential or Defiiiing*Pi?ppositions, fajl, 
undev distinct heads. 

I The coupling of the Essential piaracters, even although 
numerous, is Definition, and not, i^eal Predication. Nay 
farther ; the modified charac^rs shown in different constitu- 
tions and different circumstances, should^ be held as a part, or 
as an ajipendage, oi the Definition. ReSl propositions may 
arise in connexion with these^- modifications when certain ^jr- 
cumstJtnces are alleged to intensify or to resist the diseased 
action. ‘ ^ ‘ 

. • 11. The first class df Real "Predictions comprises Jn- 
fereiices* or prerpria from the Essential characters of a Dis- 
ease. . 
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Having given, the de^hicg mai’ks, in their LtlL/tllHlDU dfcate- 
%nent, together ^itii the ^mportant modihcations and varieties, 
we can by the help of general principles — Physical^ Ohemipalf 
Biological, or PatKologic^l — draw ma^y conclusions bearing 
on the trea^menji of thfe di^kease. It would* be easy,* for# ex- 
am fSe, t© unfoitj^a great many ’facts respecting Eever, fforn 
the*Law of Coiifeerva^on, the l^ws atd facts of Organic Che- 
mistry^ &c. l*he maintenance of an ejioessive tempera^re,' 
with less than the ordijparyi nourislftnent, involves wastet or 
inanition cS‘J;he ofgUns,^^nd the formation of special p^’oducts' 
of wasted tissue ; with many other consequences under given 
situations. This * deductive jltocess, when baged on well 
ascertained generalities, affords propositions •capabltJ* of gi\)at; 
precision and certaifity. • • 

12. The second class of Eeal Predications# consints. .of 
Ihe Causes of Disease. 


A Disease is one tiding, ^its e^^use is another thing ; prbposi- 
Hons'^f Causation, are, therefore, ill their nature, strictly real. 
Their importance dernand^a distinct a^d sepanate eurfnemtion. 
Implicated with th& great subjecUof Hygiene,® or Health 
preservation, there t0 u body of information respecting Uio 
General Causes of Disease. It is all one thing to know what 
are the means to keep the body in health, and what will cause 
loss of health. f . • 

Many* forms of disease Ae due af once to tlie disproportion 
between the expenditure and the nutritfon of the syi^temf 
The diseases of exhausted orgajis — functional we^ntss ahS 
degeneration of the muscles, the brain, the stomach, the lungs, 
the heart,* the®kidhey — are of this class. * 

To the* same^ general head should be ref^red nQ^riy ev^ry- 
ifhing meant by Pr^idisposiug Causes of Disease. There are 
many diseases that do not spvTng ujf nnlqss^by poison or* infec- 
tion from without ; callM Zymotic Diseases. As the poisoik 
of many*(l)ub not pf alJ)ABuch^diseases may*be resisted, by a 
healthy system, afty * circumstances that destroy general 
vigour, or weaken ^rticular organs, are called predispoilijg 
causes; as when cholera '^ay^acks constitutions^exhiihsted by 
interatjerance, or by insufficient food, or by ill-ventilated 
dwellings. ^ ^ , • 

It is less €»sy to generalize the Hrious influences eKpresse’d 
as Infectten, ‘Epidegiic poisoif,* Mia§mata, &c. This* is ^ne 
g?eat field for. Reprjesentative .Hypotheses in Medicine. 

Und& etch separate Disease, an acconiil; is giveil of tffe 
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Cause, as far as knowii, whetheivgef^erai or special. ♦ Where- 
ever there is a loss of powfer from the predonlinance of waste 
'^over supply, Causation in Disease appears as * Conservation ; * 
it, however, still more ^largely implicates Cdlocations. 

^*3^ there may be a distinct >elas|''of Eeal Propositions, 
expressing the effects qf Disease. 

Ttfe full definition of each disease comprises its whole 
history to the termination; the temporary prostraiion ,of 
'Typhus is not an efiect of the diseaif;, it is* the disease itself. 
When, however, a disease, besides accomplishing its coursoi^ 
makes permanent changes in the organs or constitution of the 
? patient, tjiiis is a distinct fact, and may be enrolled under the 
head of Causation. 5uf?h are the after effects of Small Pox, 
/Meastes, Scarlet Fever, and Syphilis. While a few diseases 
;Ta wholesome efficacy, the greater number weaken the 
-system at some point, and are therefore predisposing causes oi 
future disease. 

14. The Remedies of Disease constitute Eeal Propos(tionG. 

t All the previous classijs of assertitJ/us prepare the way for the 
present. -The remedy bi a disease may be suggested by its 
Characters, whether primary (Definition/, or inferred from the 
primary, (Propria) ; or by its Causation, on the principle of 
‘ remove the cause.* Diseases of functional degeneration, or 
premature decaj'of orga&s, involve in their cure ‘crepaying 
ithe debt to nature’,— the restoration of the balance of nourish- 
meui) ^pd waste. 

In many instances, the rernody consists in something differ- 
ent from either treating the symptoms, or removing the cause. 
Thi^ Specifics that have been discovered for particular diseases, 
as quininej colchicum, Hme juice, cod liver bil, wo affirmed as 
independent facts, resting on ,no djductivo inferences froiri 
Cause and Effect ia Disease, but the experience of their 
efficacy. 

The Exjperivientat ^Methods in Medicine. 

15. AH the Experimenftal Mgthods' are applicable to 
Medicine, with certain cautions and qualifications. I ‘ 

• The ultimate problem of Medicine is to find a remedy for 
every remediable disease ; and tl;^© apparently direct solution 
[f to try various remedies upon actual caleS. If by Agreement, 
ahder ft Wide va/iation of circumstances, a certaip remedy is 
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found #0 succeed unifirni^, or, in a great proportion of 
instances, there is» proojf that it is the remedy. • • 

Still, we cannot^but^eraark the verjj serious difficulties that 
beset all the Experimental Methods in this attempt. * plurality 
of Causes atod IntermiYturoLf Effgcts qpcur in the most agjgra- 
vaffid shape. *M!oreovcft’, drugs, bein^ natural fciuds, haytj so 
mamy possible* ways* of acting^ that the* elimination ^ the. 
precis property tjiat affects the system fs all but hopele^. 

• Without, therefore, njbaifQoning the tentative process* aF=v 
applied A* actual* diiiease, modern rftedicine has advanta- 
geously approached the problem in circuitous ways ; and Ifas 
instituted researches where the experimental lue^ho^s are less, 
likely to bo defeated. Thus — to take thf example that departs* 
least from the empirical method~the mode of action of 
medicines and»of remedies is §tudied by experin:|^nts, i:|p^re- 
iptricted to special disease^, but apj^lied to the system in beallfft 
and in disease alike, under every variety of conditions. if^Tis 
is a far more thorough and. searching procedure; and the 
Metlicd of Agreement will, of itself, give trustworthy results 
under so great an extension of instaij^es ; while by supefti^- 
^Jirig Difference, Inverse Agreemeu% and Variations, there 
rJay accrue results of the highest certainty. I may cite, among 
this class of Researches, the Report of Dr. Bennet bn the 
Action of Mercury on the Biliary Secretion, and Dr.*Harley^s 
work on the Old Neurotics. Byfs^ch reseajjbhes is built u]^ 
that part of Materia Medidb relating to the Therapeutic action 
of medicines. . * m , 

Again, •the Pathology of Disease, the concurrence ftnd 
qu&ice of symptoms, studied, in thq 6rst instance, apart from 
modes of trea^neilt, is open to experimental enquiry, and may' 
lead to results having all the precision Vtttainaile in'*the 
^^cience of MeSicin^. For such enquiries, the Experimental 
Methods are suitable; ^lle etdeavour being made to ’bring 
each* one of them into*\lay, by searching ^for tlie approp-* 
riate cla^^of instjyices/ ^ Mei;p Agreement is usually *vbab 
suggests itself to the untutored^ind ; the force of Agreement 
in Absence and of Vgtdations is apparent pnly to such mindfsas 
have reflected largely on conduct of scientific reifearoheS/ 
♦The^influencee commonly calted Hygienic, and the simpler 
Therapeutic agencies, as^col(l and 'heat, change, exercise and 
rest, stimulants, <fcc., ilot only present fewer difficultidb t6 ex- 
periment,* bul are ^Iso wiiihin the.scojie of the DeSuofi^e 
method. ^ In like manner, the proof of noxipus ag^cjes — ^ 
impure Vrat^r,^ and .the effluvia of decay — is easy and complete. 
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16. The Elimination of Ch4hce^ is of great value in 
]\Jedicine. 'Its groundwork is Medieval Statistics. 

Nowhere more than fti Medicine may laWb of Causation be 
defejfl^d^;* there iS rarely such a thing wo a simple cause yield- 
ing a simple effect. *Hen8e,* the neeJessity^V ascertaining 
whSt'^r a coincidence i^ mo,rp frequent thaii would be |u> 
counf**ed for by chance*. The cinchona bark sometimes fails to 
cure ague, yet its general efficacy eds satisfactorily established. 

To prove the efficacy of medicines «^>a whole, in toppositiou 
to ‘some speculators that ascribe all cures to nature (aided by 
^repose and ijegimen) the , physicians of a French hospital 
•made the ^xperim'fent of withholding drugs from all the patients 
for a certain time. 'Th\3 conclusion seeified to be that the 
Mortality was not increased, but the recoveries were more 
ptnlJtfl,cted. *'This was a competent inference from statistics. 

»J9fee«difficulties in obtaining a statistical proof of the action' 
of a remedy in a given disease are exactly those already 
mentioned respecting the •-use of ‘Agreement in the j^amo 
determination.’^, A large hospital statistics is better than the 
iriYerences •of a single pjfysician in* private practice, and yet 
mpy come shor t of the proof. There should always be obtaintvi''^ 
if possible, a parallel statistics — ca*ses wifo, and cases without, 
the treatment in question. The statistics of cholera treatment 
may be alleged in favour of ,many modes ; but none appear to 
be decisively established. ‘ * r 

Statistics, as applied to Sparlet Fever, has shown that a 
secondr attack is extremely pare ; that the ages of two and 
th»ee are most susceptible to the disease ; and tbat\he maxi- 
mum ( f prevalence is in ^October, November, ,and December, 
and the minimum.* in April, May, and June.** 

The Llediictive 3^€thod. ^ ’*/ 

17. The scope t)f the Deductiyj. Method in Medicine is 

co-exteiisive with the number ot^v, ell-established generali- 
ties thamcA-n be appealed t6. ‘ '• ,* ♦ 

. the sciences applicable to Medicinei— Physios, Chemistry, 
and Bibilogyi^yield a considersy^le nurnber of these fertile 
generalities. The science itSelf contains few of a veuy qo^- 
mandiiig character, but a considerable number that* have a 
sufficietit range for dedudtive operation, and for converting 
e,^;pirfcal into derivative lawA*" All the propositions* of general 

•* • Sea an estimatt^ of these difficulties in Dr. Barclay’s work on Medical 
Errois, p. 35. ' 
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causatioft in mgjilicine, the ft,ws ofi general Therapeutics, the 
^awa of the actioft of system generally, hav^ 

sufficient breadth ^o control and corr§ct empirical^ practice ; 
and the tnastery of thes^ef as well as of the il¥)re comjxiajKjing 
principles of the* prepayatoi*^ sciences, increase^ the powey of 
the physician. ^The ph;fsiology of Fo$d as regards the various 
forcfes of 4he ^System, musoulff, heat-diving, nervous^^c., . 
^afid thn products of* elimination, — is pregnant with deduCTive 
cdnsequeneps, both .in wvdiifg off and in curing disease. * • 

The expe>imen%l methods are greafly at fault with slow- 
acting causes; and^ hence deduction is pre-eminently desirable 
in such points as the influence of alterative ipediiftinQS, stirnu- , 
lants, climatic influepces, and modes of life. Only a thorough- ' 
going statistics, or a deduction from general principlei^ can. 
dispose of the doubts that arisen on such points. 

Hypotheses in Atcdicine. 

• 1 8 ;^ Medical Science is*largely depeiideiilion Hypotheses. 

As a department of applied Biology 31 Medicihe needs all lUe 
jfi^s rendered by hypotheses in the mhther science, and some 
special to itself. The great biological fact — Assimilation-S- 
takes on a now aspect in the production and spread of Disease. 

The first and simplest case of Hypothesis, the assuming of 
'*an agent known to exist, Jbut not *known ita* present in ade- 
quate amount in the given case, is abundantly exemplified. 
Thus, the origin of contagious • disease is ascribed feypotk-iitu 
cally to t^arious real agents, aftd among others, to actua? 
living organisms. The effects tally in a general way with 
such an agency. *^hat remains is to find whether they tally 
cfosely at all . points. The hypothes^, however, ^receives a 
"powerful support from irydividual cryjes where the presence of 
an animalcule, or living germ, appears to ‘be actually estab- 
lished. The alternative, older, hypothesis^ is that organic* 
particles, in# a state of djfe.”?® onactivity, are thrwn off 5roni 
one living body ajicf infect another, such particles not beipg 
complete organism^tft* the germs of organisms. Thfs by^io- 
thesis may seem to assume iess^tlian the other, but In reality 
it tifesumes a cla^s of particles not distinctly proved to exist. 
A strong analogy may he pleaded for them, in the supposed 
communication^ of morbid actioq .within the system ; the^action 
of the pofson of smAll pox ffiust be* the* same on the bl 8 >d 
of the innoculated patient as on the original j^tient. - 
aerial efeuvfa- of typhus may consist of something more 
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definitely organized than the suppose^ active^ particles, Per- 
nentation IJy yeast is found to be duej^to an animalcule. 

The Representative iPiction is indispensable ip Medicine, 
and flits rules an df properties need to LQi„well understood. 

Diseased appearances, likf3 all m^nifeetationii living bodies, 
are* the superficial putco«ie of a vast concatei!|ation of hidden 
•cha^^es. These intermediate 'links are in greap part unknow- 
able ; yet, by following t»be clue ^f what we know, we iliay so 
'conceive or imagine them, as thereby *io unite the appearances 
ir\. a consistent whole. When an org&n is liable ‘ to derange- 
ment from slight causes, wepri.nonnce it wee I', which is merely 
to express the faftt in another word ; when, however, we assign 
such circumstances as «that its tissue has degenerated or 
ujhauj;ed, that it has very little tendency to assimilate nutri 
;(ijcatCrorn the blood, or that the superior exefeise of all the 
organs of the body withholds from it the fair amount of 
blood^ and nerve force, — we employ convenient hypotheses, 
which are more or less in keeping with the facts. 

As .regards th^ two leading diseased processes — Fevei*, and 
Infiammation — probably ,jqo hypothesis, yet fiamecl adds any- 
thing to the facility of 6onceiviug or of generalizing the fac^-i. 
Supposing the different fevers generated each by a specific 
virus, or, animated body, we cannot even in imagination sup- 
pose a connexion between the structure of the infecting 
element, and the? specific character jsticB of the fever; as in the 
difference betweeij,,typhus, scarlet favor, or intermittent fever, 
IndbecJ, ^0 cannot form a plausible supposition as to the 
inter?nediate Uuk that connedts a certain infecting ' subst^/nco 
with the febrile state genrrally. The difficulty here is exactly 
the^ifficulty in representing the facts of livjng action. 

Hypothesis appears to more advantage in connexion with 
whatjs termed Functional DegeneraKon, Functional weakness; 
strength and wealcntss of parts. Great convenience attaches 
to the use of such phrases as healjjhiness, robustness, vigour, 
con^titutipikil force — which Lre modes of stating the absence 
of .disease under circumstances that usually provoke it. We 
may increase the value of t^is class of ferms, by hypothetical 
interpolation^, to the following effe-jt ; — 

Assitming an average healthy system to begin with, • wo 
know by reasonable infereifces, (1) that „every one of the organs 
ne^dscfin equable supply of bipod, with more or, less aid from 
^ nervous centres, and '(2) that each oi'gvm is capab'le of a qer- 
<iain amount ofoxertion. Suppose now^ that' by any cause* 
either the nutrition is behjw the mark, or the e?tertfon above 
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it, or bodi. It the iiatiiVe'^of the system not to show im- 
mediately the effects of jjuch a mal-proportion, yot^Iiero must 
be an immediate e|[*ect5 ilio overwork, the dorective nutri- 
tion, of a’single day does^mot leave the organ f^actly a^it, was ; 
we are entitled to assun^e tbift ther# is s^iporinduced a mirjuto 
structural change* or degeneration, pejceptiblo only after niryiy 
repetitions,* but^SctualW realized^* Suppose the dispropc^j;;tion . 
of expendituie and supply to continue for a length of tihie ; 
tilt? first outward gypiptagis v^ill probably be, that the orgaii is . 
enfeebled in** some duty** that is required of it, and becomes 
positively disordered under influences that, in its regular con- 
dition, it would have successfully refciisted. ^ At* thjs point, 
degeneration or stryctural change has ,piade a decided ad- 
vance ; another equal advance would bring down the org^n to^ 
the bare perforfnance of its functions ; a third woqld bo jutter 
suspension- and death. ,Now, wg have here scope fijf a^ 
great variety of suppositions, as to the relative condiiiuh 
of all the organs in tl^^ bo(3y. »We can represent* the constitu-* 
tfbnal^eculiarities at birth, by the"* proportionate dispositions 
of the several organs — negves, muscle^, lungs?, dige^iofl-^tp 
f^pnropriate nutriment, and to become vigorous or ^tho oppo- 
site ; wo can state to turselv^s the practical mode of redi*essing 
the inequality, namely, by restraining the vigorous organS from 
their tendency to impoverish the rest, aud by giving'* greater 
^pportunjity to tbo nourishment of tl]^e weak. .>\yecan also state 
the rationale of tho constitiftional treatment of diseases, viz,,’ 
the placing of the weakened organs in sucli *a position as^tq 
increase tffeir nutriment arvi abate their over-exertion.'* We? 
can give a hypothetical account o{ tho degeneration of Or- 
gans such • as Ihe 'heart aud kidney, which often show no ’ 
signs until the.^ructure has reached mortal disease. ‘We 
Jhould, moreover, feol no surprise at the sudden breaking down 
of constitutions reputed strong*; the poputai; eye sees only the 
pi*psperity of- those orgarfsrthat cast a dash aijd a glare — the * 
muscles, tfieistomach, anjA^he bjjpin. The deeperaglance dis- 
closes the degenerac^, of the l^eart, the lungs, thft kidney, 
following on the very^^trength of these ostentatious members 
of the system. 

•• \ 

Glassificatlan of Diseases. 

19. Th«re being t^pwards ‘ftf one Ihousaiid recognia^d 
Diseases^ .they majr. like other great aggregates, corn% 
under a -regular Glassification 
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Diseases may fall und^r a classified arrangement, like 
.Minerals, Plants, or Animals, attentton being given to the> 
peculiarities of the department. *. 

If. Order of Chtiraders, — In Mineralogy, and in Botany, a 
sti’kt order of characters is obserjred*^^ This^is disregarded in 
Za'Jogy, and also in Medicine, from difficnlties that can be 
. -read^y assigned. There is* 'every likelihoou, however, that 
both sciences would gaii;vby a systematic arrangement cf cbar- 
*'acterR, avoiding the sacrifice of tne spirit to the letter. 

In a work to be afterwards referret. to (p. 367)^ the remark 
is made ‘ that the labour of analyzing and comparing clinical 
'• observatijons wo^nld be tgreatly lightened, and the precision of 
the observations the^aselves increased, if ^ the records of these 
,iwer«}in every instance arranged on an uniform plan,* 

. Drra obvi?us precaution is to make the outv.^ard symptoms 
precede the subjective. of t^e usual marks of inflam- 

. mation, the pain should come last. In nervous diseases, the 
physical symptoms should be fully ^numerated before entering 
upon the mental*symptoms ; the two classes are then vicrwed in 
such a way as io check C^nd confirjtp each other. 

‘ 11. Maximum of Abilities, — The'' propriety of classirg 

Diseases by their closest resemblances 's sufficiently allowed 
in the abstract ; the difficulties in execution are fiot logical, 
but pathological. 

, III. Arrang&ffscnt by Qrades. — The formality of Grades -ii' 
observed in the classification of Diseases, but without the full 
,cafiYying'out of what it invoives. There is something of lax- 
ness attending the use of the method even in Chemistry, the 
statement of the points jpf community of the higher grades 
being sometimes given, and sometimes noi;, without any 
apparent ‘reason.' c . 

Occasionally there is vacillation jis to i whether diseases aib 
different in species, or mere varieties. Little impqrtance 
attaches to the question ; and thji workable criterion is the 
coihparativa number and peF^istelifce of the distinctive marks, 

. IV. Statement by Agreement and Dijferen>ce, — Everything 
'al'ready said on thiahead applies to the s^position of Diseases. 
The systematic and orderly stat^pg of Agreements, and the 
pointed contrast in Difference, have the same efficacy here* as 
.elsewhere^ Under the heading ‘Diagnosis,^ it is usual to 
mention the closely •resembling diseases, and to indicate the 
.oiiagnostic marks. For exam|)le, Bo&eola is diistinguished 
from ^Scarlet ®ever, thus; — the eruptiofi in Bosepla is gene- 
rally confined to the chest When the diagnoartie .points are 
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two or 'more, tliey might be set •forth in the formal- manner 
already exemplified. 

20. V. Index Classi^cation, — Fof MejJicine, * an index 
Classification might Ue ppevided on the tabular ” • 

This aid to the discrimination oS Disefise is still wanting. 
Probably, it would be best attempted, the first instax.ce, on 
the tabular plan. • A basis is afforc\ed in a small work, pub- 
Eshed by the Medical VSociety of Observation, with the titlo 
* What to Observe in Medical Cases.’ 

The work professes to lay out in order an exhaustive state- 
ment of all the appearances connected with '^ach bo^lily organ/’ 
besides adverting to the external circumstances of the patient.' 
The enumeration commences with the Skin, which is toUowetJ 
by the organs of Locomotion, Digestion, Rospirrtion, Cirpul^-^ 
tion. Lymphatics, Urinary Organs, Organs of G■eneratio^^,'Brain^ 
and Nerves, Vascular Glands. 

As an example, I quote thef* varieties of the Pulse: — ^Radial 
— ^number; — size and force; large, smiifll, thready,^ equal, 
unequal, strong, fcelfie -resistance * Jisoft, colnpressible,’ mg:d, 
incompressible; — rhytnm; regular, irregular, intermittent; — > 
tfineas compared with that of heart’s impulse artery tortuous, 
rigid. — Special characters of pulse; jerking, bounding, ondula- 
tory, continuous (one pulse appearing to run into the following), 
vibra^jng, quick, tardy, verinicidar, tremulojus, reduplicate. — 
Effects -of posture on pidsaCits nunVber and 'other characters).-r- 
Phenomena of pulse in one arm as compared, with the other.’ 

The authors have evidently studied exhausVivope^ti “to 
begin with. It is possible, nowever, to be too minqte ; 
distinctions that are not marks of Anything else are worthless 
and may be an»> encumbrance. The next step, therefore, 
sbonld be to abridge and group the symptoms witn a view to 
the maximum of significance. 

There being obtained a methodical array of symptoms 
under each’ organ, the ujpde of proceeding \^ith a view to an 
Index is to append id each symptom a list of the diseases 
where it occursi Should a "symptom appear in only ^ one 
disease (as urate of soda in gout^ the oo6urrence of ^the symp- 
tom would deqide the disease at once. Should a symptbm 
a.ppea^ in three diseases, its occurrence points to one a>f those 
three diseases. . - ' ’ 

By appending,, to every ^y^ptom of ^value in diagaosi^, a 
complete list of diseases, there is provided a means of deb^ 
mining" eveyy ’disease according to the knowledge of the timb. 
One symptom refers us »to one list, containing two, three, or 
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four diseases ; a second symptom hiacis to another list/*^ If oi 
CQjuparisoiA, ’Lhcre is found only one disease common to the 
two lists, the diagnosis ^ complete. there are two or three 
common tp both lasts, a third symptom must bo sought out 
with tits corresponding .tentrios, by which the alternations are 
* again reduced ; and so ob^ till the concurrence ♦x)f syrtiptoms 
.point^o a single disease. t ’ 

Siippose, for illustvatipn, that ‘ Irregularity of the Bulse ’ 
appears as symptom. According to^«Dr. Watson, this ma} 
attend (1) disease within the head ; (2y organic disease of the 
. heart ; (3) simple disorder of ih© stomach ; (4) debility, and 
‘t. pr/slude to Stoppage of<the heart’s action from asthenia. 

Now supposing the iabulation of symptoms and of diseases 
Qompbte upon this plan, and supposing a second symptom in 
, t^e qaesc und^r enquiry had opposite to it a list, agreeing with 
ythe only in the entry /simple disorder of the stomach,’ r 
tjie diagnosis is made out by two easy references. 

Owing to obvious causes — the great ^number of diseases 
accompanying pairticular symptoms, the occasional ambiguity 
of«actual diseased by the ^eiilure of some of their usual symp- 
' toms, and tlie imperfection of the terminology of symptoms,— 4 > 
'the best scheme that could be given would be imperfect. 
This would not, however, prevent it from being a boon to the 
student, and an occasional aid to the experienced practitioner. 
It does not suji6<rsede, b.uir indicates, the reference to th^v^ 
systematic works op Medicine and* Pathology, which’ arc the 
autktjritie^un the last resort. • ^ 
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CHAPTER I. 


MILL’S CLASSIi*[OATI01C OF FALLACIES. % 


, Mr.-,* Mill regards all ftlllaoies as divisible into two great 
heads — Fallacies of Simple Inspection, and Fayacies of Infiib- 
j|^0£. By the first clt,ss fie understate those oases where % 
prdfeumption is created in favour of a fact or doctrine, on the 
mere inspection of it, and without any search for evidence; 
natural prejudices are comprised under that head. . By the 
r,econd class he understands erroi^ous oonclivjions from sup- 
posed evidence. This clans is subdivided aboording to the* 
nature of the evidence simulated ; which may be deductive, 
inductive, Joe. A special division is indicated uudef tl^a fill®, 
‘ Fallacies of Confusion,’ Where the error arises, not in tfce 
link between preipises and conclusfon, but in the incorrect 
handling of the pr^toises themselves, • ^ 

* ‘There are tbui fiVe distinguishable cIhsses*of Fallacy, as set 
forth in the table : — 


^oi Simple Inspection 

1 8* Observation 
[ dSstinotly ^8. V&Uacies of OSberalisatlon 


l.J’allaoies a priori, 

♦ . 


geaoeived JDedu^e j 


{ £rom evidenoel 
indistincily 
oonoeiVed 


5. Fallacies of Oonflisiou 

oflnferenceJ oonoeifed I 

1 Fallatm of Simfh Inspiciion^ or ^pnori Fallacies,'^ Rn^, 
framing frqm the dis(sussion of the question, wjiiich this ^esig*, 
nation might^aise, what are the ultimate facts or premises at 

»24 
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the fomidation of all reaseningsj* Mr. Mill adduces drst the 
tacit assumption that the same order Qbtains'among the objects* 
of nature as among our ideas of them-— that if we always think 
of t^o filings together, the two things must exist together. 
He illustrates this tendencyoby liuraerous populai* sliperstitions, 
as / talk of the devjl and he will appeal^,' <fcc. ’^^lle alsb cites — 
•Mle Philosophy of Descartes, ^iiich, fron* the mere conceptions 
of mind, inferred thq, existence of oorfeepoiidiiig realities ; 

•the doctrines that ‘whatever is incpAceivable is false,* ‘that 
a^thiiig* cannot act where it is not * ^’applied by^ Newton to 
show the necessity of a gravitating medium), that ‘ matter 
« cap not think,’ that ‘ spac6 is infinite,* that ‘ nothing can be 
' made out of nothing,^’ that ‘ nature always acts by the simplest 
•meam* An allied Fallacy, or prejudice, is the tendency to 
presume a correspondence between the laws of* the mind and 
the of external things, of whi^'h one form is expressed 
.thus ; — ‘ whatever can be thought of apart exists apart.* 
From this springs the personifying w* re-ifying of Abstractions, 
as in^ thp doctriife of Jiealism, and in mystical theories^ gene- 
rally, whether il be tho^ mysticism <af the Vedas, or the mysti- 
cism of llegel ; all \^ich proceeds on ascribing objectivj 
e±istepce to subjective creations-^ feelin|^s, or ideas. 

Another kindred fallacy consists in representing nature as 
under the same incapacity with our powers of thought ; the 
^I'eat example ^ing the 'celebrated Principle of Sufficient 
Reason, adduced ^in explanation of many first truths, such as 
tlie*iaws of motion. 

‘ That the differences in nature correspond to the received 
distinctions of language,*, is another wide spread and baneful 
preiudice, which particularly weighed upon Greek philosophy, 
beitig profiiinent in the. reasonings of Aristotle,, and from which 
Bacon was unable to set Jbiniself free, as io shown by his futile 
attempts to find a common cjause for everything that goes 
under a common name, as heat, cold, &o. 

Lastly^ there has existed the pr^^dip® ‘ fh® conditions 
of. a phenomenon will resemble the phenojmenon * — like pro- 
ducing, like: as that motion must necetearily arise from the 
impact 01 a ffioving body ; ihat a rharp taste must be brought 
about by sharp particles ; that our sensatioits must hwB cdpies 
of external things ; that *|;he law of causality can hold only 
between wliat is homogeneow|, whence there c^n be no causa- 
tion between mind and matter; ‘that the- Deity must have the 
exact ^erfectioits discoverable in nature, c 
. II. Fallacies of Observation, — Th^se do noti “apply to* the 
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operation of observing, for which' there is no logic ptriotly so* 
called, but to the omissions and partialities in collecting fadls * 
with a .vie\^ to tHe generalizing prooels. Tjiere nlay be Non- 
observation, or J\iaI-obServjk/tion j the one leaves ouf perijnent 
instances, the^^ther distorts or misr^resents what is obsorved. 
Nsn-observatidn exj^ains thegoredit givcJn to foutune^oA^’^^ 
to quacks, and to /alse maxims ; the Oases favourable ^emg 
»oted, and the other fcygotlien. The motive in this clarfs (J 
fallacies isf^a strOng pne^conceived opinion or wish tofind the 
dictum true. Farther, the Non-observation may be, not* of 
instances, but of ^m/ena/ circumstanges, as wheiia it is state^ 
that lavish expenditure alone encourages indbstry, the* circum-* 
stances being overlooked that savlngS are capital f^r the 
employment af labour. ^ ^ * 

Under Mai- observation may be placed the chief mistake^ 
connected with the proper act of observing, namely, fhe con- 
founding of a perception with % rapid inference, or the mingling 
jup oS inferences witli facts. Thifs is the coyamon infirmity of 
uneducated witnesses and narrators (4 event®. , ’ * • 

, III. Fallacies of —These are .errors in t*he 

employment of the J[nduc^ve process. The chief instances! 
adduced are these: — All inferences extended to remotfe parts 
of the universe, where no observation or verification can be 
carried ; all universal negatives# and projjtjsitions asserting 
impossibility (not being contradictions in terms) ; the theories 
professing to resolve all things ^to some ojfO eleme^^t, of v^bich 
the most* notable instancp is the attempt to resolve iltates ^f 
consciousness into states of the nervous system ; the placing 
of empiriq^l Ic^ws^^sirrived at per enumerationem simplicern^ upon* 
the footing of law^ of causation, largely exe#nplified in reason- 
hags upon society ; ,,the vulgar form ot the same fallacy, desig- 
nated jgost hoc, ergo propter h9c ; aifd thq fprtile class of* False 
Anafogies. Under the sftime head are specified Bad Olassifica-# 
tions, or the asserting tyidor oijp term, things th|Lt havedittle 
or no comihunity ; of Wiich the^ Greeks gave examples in such 
terms as Motion, Uqxeration and Corrugtion. ^ * * 

IV. Fallacies of ratiocination,* These comprise tlie errors 
ag9.inst the laws of the SyTlogisba. Mr. Mill, however, properly 
includes under them the^ fallacies connected with the Conver- 
sion and EquipollencJ- of Propositions^; remarking Ibhat the 
simple conveil^ion o^the nnivefsal af&rm&tive, and the Errone- 
ous conversion of !^potheticaJs are among tjie most freqiieqji^ 
soa,rces ewor. j5f this last class, is the maintenance of some 
favourite, doctrine, on thb ground that the inferences from it 
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^are ti ae. ^.Opnueoted with tlie Opposition of Propositions is 
ttfe oonfbmnding of the contrary with* the contradictory of a 
statement. * Vicious syllogisms, whejher from undistributed 
midd^Bf ov*irom illicit process^ SLve^tLo moiPe‘*noted i istances of 
■‘this class of fallacies. *Tliere may be alno incl^d^d the falli-cy 
op^nanijing the 'premises.^ occurring frequently ir the argument- 
ative^&isoourses of unprecise thinkers (the schoulmeii’s a dicta 
secufldmn quid ad dictum simpUcittr) ,* ^ exemplified in the once 
favourite theory that ‘whatever britig"> in inoney' enriches/ 
, Urfder the same head might be placed the misapplication of 
•general truths, or the sr^pposition that a principle true in the 
abstract' must hoffi under all sets of circumstances. 

^ V. ^Fallacies of Gonfusibn. The first claSs under this desig- 
nation is of Terms, As there is no., limit to that 

^foVmrof confusion, a logician can only select a few random 
instances; those chosen by Mr. Mill are ‘scarcity of money,’ 
‘influence of property,* ‘theory/ ‘the church,* the ^laudable' 
in a Stoical argument in Cicero’s Be Vimbus, ‘ I * in Descartes’ 
argfinSent for tho being: of God, ‘necessity,’ ‘same,’ ‘force,’ 
‘infinite,’ * right;’ to which he adds examples of the fallacy 
of Composition and Division, as strictly belonging to the sanie 
class. 

The s<3cond division is Petitio Principii^ otherwise called 
‘ arguing in a ci^qie/ of which there are abundant examples. 
A certain species of terms received from Benthjira the desig- 
natjpn ‘ qvestion-bhgging appellatives,’ because they begged a 
questiefh under the guise of stating it ; such is the word ‘ Inno- 
vation.* Plato, in the' Sqphistes, has an argument to pfove 
‘that things may exist that are incorporeal, because justice 
and^wisdom are iticorporeal, and they must be something : 
thereby begging the question that justipe a^'d wisdom are' 
things existing ap£),rt or iA theruselves. One of the most n - 
tmarkable exaniples of fallacy is furnished by the political 
theory of ^obbes and Rousseau, ki&yrn as the theory of the 
‘ social compact.* We are supposed •Bound by the promise 
enJered^into by our ancestors before scqjiefy was called into 
e^istencel*; bat there is no sfcich ^hing as an obligatory promise 
until society has first been foifined.^ 

The Ithird class of Fallacies of Confusion is the Ignoratio 
ijlencMT It is exemplified* in most of the replies to the popu- 
lation®doctrines of M^tbus. "A btill mope sigiSal instance is 
•^{he stock argument against Berkeley’s doctrine of the n*on- 
existence of matter ; Johnson’s kickinsr the stone Was not the 
pbiqt 'denied in the ideal theory. 



.iJHAPTER IL 


THE POSITION OP BALLAOIES. 

. • The* setting apart of a distinct ch^ptA* to the conside^tion 

the errors againgt fchft^la\«^ of reasoning and evidence sSemfi 
atfii;st sig?«b an inoon^uous proceeding. Wo cannot •separate 
a law from its violations ; the qpe implicates the other. Wden , 
good reasoning is exhibited, there must be^ exlfib^d at^th®* 
same time the coresponding bad reasoning. If the* rule he 
given that the middle term of a syllogism must be distribute^ 
once, whoeveft* understands tjie rule must coi^eive,»at the 
•same time, cases of its Jilfilment.and cases of its nqp^ulfil-# 
ment. If the method of Difference requires that the instances 
compared shall coincide /n e\8ery particular save one, we are 
instructed by it that the method fails if any* two instances do 
not coincide to this extei\^i. If a gqc^ classification inVdlyes 
identity on one or more points of importance, ther*e is implied' 
ill the same statememt that,a grouping under one name, wiih-* 
out any important community, is a bad classification, a 
‘ fallacy * of classification. 

Any one would recognize the Al^purdity tff a grammar that 
would reserve for a chapter at the end all the examples of 
grammatical errors. Yet suchiis apparentfy the pian puwq^d 
in^LogicT The grammarian, indeed, frequently provides ‘a 
separate collection of errors by w%y o’f practice to the pdpilj 
but these* ar^ additional to what necessarily and properly 
jccur under tl^p roles that they seveijally Violate f this,iiow- 
iever, is not avowed by the logician as the nature of his 
chapter on Fallacies. • • 

Without entirely exonerating ' works on .Logic from the* 
inconsisteqpy of di£itr|{)/l:hig between two departwients eff the 
subject the fulfilq^eAt and the violation of the sara'h rules,, we 
can assign certain ^ifcumstances that account for the* pretail- 
ing usage. The main ciijpumstance is the narfowAss of the 
fi«)id oT logical precepts, from Aristotle down to the present ‘ 
generation. The part .of seasoning reduced to rules was 
almost, excltfsively restricted ^o the syllogistic or Je^uctive 
d^artmehts ; hencei in the hxemplificatfon of those rules, no 
errors could come j )0 light except such as v^lated tth^ forini . 
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of syllogism. Bat the Greeks had ^ui'veyed human knowledge 
•wide enoiig^i Jto be aware that many, errors jfiassed current 
tlhxt could not be reduced to errors of syllogism. The logician, 
therefore^ \^as driven to’ one of two alternatives— *to . make no 
allusion to some of the most notorious Mlihgs and mistakes of 
the JiUman Understanding, or to provide a chapter for onumer-' 
ajting ;mch < mistakes entirely <^?»part from the Vody of logi<?al 
tlieoit^. It was characteristic of Aristotle to ohobse tte second 
Q;lteFnative — to be inconsistent ri^theiv than to be incomplete 
His treatise on Fallacies comprises el^rors against *the Syllo- 
gifTm, which he could not omit noticing under the Syllogism 
(Undistribut<?>d Middle, Jllieit t'rocess) ; buf these are a small 
par£ of' the mass of Fallacies ; and the rest he had not 
any Ijheory for. He* had no Inductive Logic (or only mere 
traces ^which his followers wiped away), and therefore he had 
nd place for fcbe exhibition of the rules sinned against by ^ost 
lioCf ergo p'opter hoc. For want of a thorough-going discussion 
of the* department of Classification and Definition, he could 
not exhibit the errors connected with general language lender 
prptfef ts ‘for tho classifying of things and the defining of 
terms. ^ ^ 

It has been seen, however, that even the thorough-goifig 
Logic df Mr. Mill does not dispense with a ‘ Book’ on Fallacies, 
'this is Explained in part, but only in part, by the author’s 
adhering to the Asage of albformer logicians, while using his 
own extended system to re-arrange^’the recognized examples, 
and, (to inirc)duce'''hew ones- Yet all the fallacies in the 
second/ third, and fourth classes (Observation, Generalization, 
Ratiocination) might with the utmost propriety be absorbed 
‘into the body of the work.* The account of the-'ind^ctive and 
deductive process^5^s unavoidably quotes derelictions from the 
sound performance of these processes, which derelictions are' 
identical with the , fallacies treated of under the heads just 
named. s u 

The case js different with Mr. Mill’s first and Isest classes 
(Simple Inspection and Confusion), •'iFbe chaptefs on these 
heads cpntain mattej that would not readily find a place in 
thp systeifiati® exposition of the Iggical methods. To take the 
first class, Fallacies of Simple inspection, or a priori* Und,f)r 
these, fhe author dilates on certain fallacious tendencies of 
the mind, the generating causes of orrofs. How, the logician 
might ®say that his business iS te show flow errors* are to be 
■qbecked and corrected, not how .they arise in the imperfecti<ms 
of the Ixuman constitution. If he is to haqdle this Sqbjecti he 
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could uot witla^ propriety •DaRe up in ttie detaiU ot tUe 
•Deductive an<f liid active Methods; he would ^eed to be 
ariowed a corner s^art. JThe demand ^ irresistible. It woulS 
be most*iiie5pedient to o^tate, under the Sjjllogism, jpr, under 
tlie Experilnental SleI6oda>*eiiqp^ies to*^the fallacious* ten- 
deilbies^f the^iaatural mind. Granijjng that alf the deductive 
an!i inductive lltllaciejis, and thei^mistak^es of classiiioatitn and 
definition, were taken up into the main body of the workf the 
ftillacies a priori^ if inoiudefi at all, must receive a sepat’at^ 
handling, •^ome* douHts might be raised as to the logician’s 
title or obligation to enter upo|^ the subject, but there coifld 
be none as to his ^locating a distinct chapter to the j^nsidera-^ 
tion of it. ^ ^ ^ * * ’ 

Socrates was the first person to urge strongly the n^turaj 
corruption of«the human intellect, and the ne^ of a very 
•severe remedial discipline, which^ in the shape of pfwonal 
cross-examination, he was wont to apply to his fellow Athen- 
ians. The theme ^yas qot again taken up in a vigorous 
riianiiBr, until Bacon composed the first boek of the Novum 
Organum. The elucidatyn of the iijpvitablc^ miscarriagdh of 
itbe untutored undersfanding, inteUecim sihi permisSuSy and tne 
classification of idolfi , — falsie lures, in that renowned wo»k, 
instead of being laid to heart and followed up by frbsh ex- 
amples, became a matter of mere parrot repetition. The next 
person to treat the subject indepehd^ntly, aucfto go systemati- 
cally over the ground, wifs Mr. Mill, in his chapter entitled 
* Fallacies a priori,^ So impoistant is the Vubject, ^nd qq 
far is it distinct from the 4 }roper field of Logic, that i!l miglft 
be embodied in separate treatises. ^ It* is a kind of homily or 
preachings a ibuaing address on human frailty ; and although’ 
the logician is j;ha person most likely ^*0 be Vnpressed with the 
•evil consequences, he is ^ot the onlj^ person qualified to illus- 
trate them ; while the points Ijo be addi^eid in the expdsition 
are not precisely such a^ tall undeV either the Reductive or the^ 
inductive* logic. •#***• ^ • 

Mill’s concludingliead ‘ Fallepies of Confusion,* still remains 
extra-logical. The extension of the field of logic does npt enable 
this class to be absorbed. JT^oy c*annot be adduced a% violati/ig 
iiiducifive, any more than deductive precepts. In reality, they 
are owing to the defecti^je acquaintance with the subject matter 
of the reasonings, and to a low prder of .intellectual ccRtivation 
generallyT ratter than to mi&p*prehending logical method. A 
cdnsiderable etretqji of the logician’s provi|ice is implied }fi. 
the takWg tip of this class of errors. The ground that they 
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cover is boundless and indefinable ; no man*<^an foreshadow 
the intricacees, the incoherences, the perplexities, the entangle- 
ifients, posi?ible to th,e human understanding.^ The only 
circun;^s^ance that justifies the attempt , to. handle syste- 

matically* is the great frequency cf a few leading forms j in 
consequence of which they can be, to somd &tent,* treated 
Qompi^hensively. ’ Mr. MillV three classes ^pf e^ample^? — 
Ambiguous Terms, Petitip Principii, Ignoiatio Elcnchi- -have 
this” character of extensive recurrence. Moreov^pr, in the 
elucidation of such clashes, there come to view man^ prominent 
anil practical errors, thus oppoHunely laid b/ire. 

From these consideratioris, it follows that the most defensible 
course to be pursued ^n regard to Fallacies is to absorb into 
the main work all those that are the direct violation of logical 
precepts ; and to handle, in the chapters apart, i^he Fallacious 
tendencies of the human mind, and the Fallacies of Confusion. 
This is not to debar the assembling of additional examples in 
a supplement or appendix ; it being nnde'‘stood that these are 
merely in continuation of the examples already furnished in 
the Regular courije. ^ 


CHAPTER ni. 

FALLACIOUS TENDENCIES OP THE MIND. 

• 

The Fallacious tendencies of the mind may lae ti*aced through 
an eimmeration of the sources of Belief. '* 

The state of Belief is a form or manifestation of our activity. 
The import and mejEisure di Belief is file readiness to act in the 
direction indicated by the thing belie\ ed, A man’s belief in 
the v^iiolesoijien&s of a regimen is sh^wn by his energy and 
persistenoe^in adhering to it. ^ ‘hi 

/There are three distinct sources of belief. I. The inherent 
Activity *o#tha System — the ^isppsition to act through mere 
spontaneous vigour. II. The influence of> the Feelings, 
EmotioiJs, or Passions. III. The^ Intellectual Associations, op 
adquired^trains of thought. • Excepting tinder the last head, 
there nothing to gilaraptee sdUnd^wss of Jielief, 5r tbe accord* 

anoe of the thinsr believed with the reality. 
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I. Inherent Activity of the System, 

From j;h« sponteineou^ and inherentwigour of th^ system, we' 
are induceji to jwst •soitt^ow, to change onf^f the p^iesiv^ into 
thcfc active C(yl(iitiorl,J^nd*to *C(5iAiaue^that aotivijby whjie the 
ei*ergies are u||exhausted, and^^hil# there is freedom ^om ob 
^traction. There is*uo enquiry before];iand as tef the propei 
pourse or direction to ^ct ir^; opposition is not presumeef^unti 
a<5tuaUy eM^eounteifed. * li way now oppn is supposed to be a!- 
wa/s open* the mind does not anticipate any future termina^ior 
or obstacle, Bii«id confidence? is the primitive attitude of oui 
mind. It is only through the teachhig of OKperiene^ that m. 
suppose any limit <to our career of action. 

This state pf mind shows itself in our early beliefs, •whieh 
may be described generally as over-vaulting ; cis pr^umjng 
that what holds now anfl here, will hold then and thete and 
everywhere. The following are instances : — 

are disposed \o assume* tbjvt, as we feel at the present 
moment, we shall feel always. After a Certain iiumtipr of 
checks, the tendenc)%is tJbmewhat iMItrainea, butjt continues 
mry strong all through early life, and is feldom entireljf® 
conquered at any a^e. * , * ^ 

We begin life by reckoning with the utmost confi^ionce that 
other persons feel exactly as we^o. After Jpngthened experi- 
ence, this primitive tendency is* greatly •iJubduod, although 
perhaps in few minds is it fully sobered dpwn to the measure * 
of the aptual facts. The con'sequences are showti ir;^ oftt ^mt 
aMowing for differences bf character, .in our inability even to * 
conceive of typg« departing widelj" from ourselves. WitTioijt 
being ttie sole «)rigin of intolerance, tlqs tendency greatly 
ministers to'tlial prevailing vice of mankfhd. We can with* 
difficulty avoid judging all #nen, in all circumstances,, by the 
stahdard suited to ourijelves and,our ovfn* circumstances. 

From* one or a few gijstances we are ready to infer a laV ‘ 
applicabla without.li^t. Th#mere infant parofties the^nduc-^ 
tive process ; tThe jnost igncAanb of human beings are the 
most unrestrained* generalizers* Fronl an acg[uaipkince* with 
pne or two Frpnehmen, JtifliaBS, or Russians, we conclude the 
characters of the entire nation. We feel assured that a 
remedy fotmd to answer id a pavlicular case will aqswer uni- 
versally* Happening to place* during fine weather, we 

are led to suppose that the weatbei^ there is always fine. The 
word /alyaj^s * i^a familiar'exnletive to vetit our ffeaeraliainfit 
temper. 
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We presume that the sta^ of things famiiiadP^^to us, prevails 
'every w he ije.«, ‘Not only are we indiisposed of ourselves to 
anticipate afid conceive different arr§,ngetr^nts, natural and 
social,. ^but we ho^ld out against the »f 7 ^ery^ existence *of such. 
The Jing of Siam’s en^rgetig repudiatigh of ice was- a genuine 
display of the natui^al rnav^i • 

. Without making formal generalizations up6n a single in- 
stance, we are disposed to outrun our fac.ts, to extend tlie 
{iresbnt into the distant and the futui.e. It is always more 
congenial to make leaps in the dark, than to abide istrictljr by 
^ wllat we actually know. We l:\^ve no sympathy with any one 
• proposing jbo restrain gravitation to the solar system, where it 
can be proved to operate ; our natural desire is to extend it 
ejrery;^yhere, with or without positive evidence. 

To identify, to assimilate, to^ generalize, constitute one of 
.the tiA ^9 great functions of science.!. Yet there is often a 
necessity for restraining the too great ardour for these pro- 
cesses. We identify and assimiiatf}, without real likeness, 
thus giving birth to bad analogies, and irrelevant comparisons ; 
we ovhr- assimilate and over-generah’ze. We rush blindly on 
^ the search after Unity, Simplicity, Fraternity. 

It is a result of the primeval tendency to follow out a lead 
to unbounded lengths, that we so strongly assert the Law of 
Causation, irrespective of the facts thal have gradually estab- 
lished its certain t.v We h§ve a subjective jissurance that bears 
no proportion to the objective proofs? We shall never be in a 
position to ^assort the law, by tl:e force of legitimate evidence, 
with th6 confidence that we feel respecting it. ^ 

That human nature ife the same in all ages is af&rmed, not 
fVom a careful examination of the records of *th^ human race, 
•but because^ the afftrmer has not laid himself jn the way of. 
checks to the natural tendency to reason from the near to the 
distant*. The doctrinp is more behoven to ignorance than to 
^knowledge. w ” ^ 

Th» most ^f Mr. Mill’s FaHacies ?)fc» Simple Inspection are 
'referable tcf the tendency now;, discussea, Ifhat ‘we should 
make our thoughts tl^e measure of thin^^’ which is done in 
so many c^ebmted speculations, Jhe result of the inherent 
•pusniug activity of the system,* the determination to prbceoci 
in a course once entered on, untij a pheck is met with, and 
even in spite of a good pany checks, ‘ That the « conceivable 
is necesWrily true,’ aid ‘.the iricdhceivablB. necessarily false ’ 
ai^merely'. varioug expressions of, the same fact. 

The supposition that ‘the effect lesembleG the. caus^,’ that 
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‘like pi«bduoes^Uke * also gi^>ws o\^fc of the mind’s incpntineul 
tendency to assimilate^ or identify, the repuguanpe^to depart t 
from a familiar tjme unjil compelled bjr a power from without. « 
The reasonings of anci^if philosophy freqijjently ’exhibit this 
fallacy, esjfeciaUy in £^6 subject, ^here^it has most Treqijfjntly 
opA'atefl, theP* relations of mind and body. *ThUs Aristotle j 
reltsons tJaat Ihtelleat, as welk^s Sense—must he corporeal, 
since ^t has to deal with corporeal things ; and Like c^n be' 
tomprehended only by«Lik6. 

II. Influence the Feelings, 

The perverting influence of the feelings, yi mattgj;s of trutlj,* 
has been more gei^rally noticed, than ^he perversionS due te 
inherent activity. That men have in all ages been biassed 
their interests, their fears, th^ir antipathies, theij likings, their 
poetic ideals, their religious sentynents, — is one of most 
widely-received and least contested doctrines of human nature. 
Many of Bacon’s Idola^ are* prejudices of the feelings ; tile 
idold^ theatri relate to the poetic, artistic, or# ideal cravings of 
the mind ; the idola tribu^ (which ^ytyild pro’^erly inclifdS ^ho 
other) comprise all the fallacious teifdencies corafhon to rneisi», 
generally, in opposition to individual peculiarities 
they therefore necessarily include the feelings. Mr. Mill gives 
fewer illustrations of the influence of feeling, than of the influ- 
ence of activity as above explain^ j. • « 

The operation of the feelings is partly through the will, and > 
partly on the intelleotr. WhaUgives us pleasure uiges tl^'^ill 
fojjits pcfl’suit; and our activity, in whatever way pfbmptefti, 
carries belief with it. We beliove^hal the things that weflike 
are free from* hiy^m, if not beneflcial — our favourite dishes, 
stimulants, ayyisoments. The effect o( likiifg is to induce fiction • 
in a given course, whiclj is a power^for belief, able to surmount 
a ccu’tain degree of hostile e^dence. » • 

The obverse is also implied. What offend^, annoys, or dil^. 
pleases us,is avoided^ £hfe will tis against it; auji we have a 
corresponding diffdulty in believing it to be a proper objept of* 
pursuit, or in any,Vay commendable. • . * • 

The other mode of*worki»g pn the feelings ts tflrough .the 
fetellhct, A *?trong feeling, whether pleasurable or painful,* 
Dccupies and detains the thoughts,* and excludes for Ihe time 
stll other sub|ects. If it be Dlep.surablq, the detention Js at the 
[uazimum ; but evea pain has *power> to * engross us. Hence, 
ander ^rpat excitement, thoughts alien to tl^ state! of feelyfjg 
)f*tbe time? are net allowed to rise to .the view; we judgd 
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upon one-sided facts and views. *An orgie of ».pleasur€f» renders 
* us unable tc‘ entertain disagreeable fapfcs ; a Mgbt allows us to* 
see nothing *but danger, r , , 

The. prpent pu"pose will be servedcby the follomng enume- 
ration of perverting states qf feeling: !(l) Seif-interest gene- 
rtj-ll^r.; (2) Sympathy; (?) Special Elnotionts/ Such is the 
order Tound convenient tor tKustrating. the Wratoiry of the 
Feel^gs (English Compo^sition and Rhetoric, p. 201). 

• Self ‘Interest , — This comprises rfiir ^ftins and pleasures gene- 
rally (to the exclusion ‘of our Sympathies), whetheivirom sense, 
from emotion, or from the associated and comprehensive ends, 
as Wealth arid Ppwer. ^Tlftit men believe according to their 
•^self-interest hardly i\eeds illustration, [^fot only does each 
plan endeavour to deceive others, he generally succeeds in 
deceiving hiijaself when his interests are at sta5te. We have 

• all gfept difficulty in seeing the faults of an institution that* 
we profit by ; the arguments of a highly paid priest for his 
own form of religion, or of a lawyer for lucrative forms of 
procedure, are regarded with suspicion. The grossest forms 
of^efrdr, the mosft noxions practices ^ill be vindicated by per- 

'^sons whose* werldy position depends upon them. '' 

' Among the particular pleasures- and pains making up the 
great aggregate of self-interest, we may signalize some as 
especially unfavourable to truth. Indolence, or the aversion to 
labour, the soured* rf so many^moral obliquities, is the parent of 
intellectual error. The ascertainment of truth demands a kind 
of,lhbour that the average hirman being dreads and abhors ; 
hbnee the acquidsence in such views as come easiest to hand. 
That unqualified extension of the present to the distant, the 
past, and the future, which we have seen t^ grow »ut of the 
inhet^ent activity et the^ system, is still farther, recommended 
by the saving of toil. Excessive identification, generalization,* 
and simplication are other expre'isions for the same tendency ; 
while complication, and incoherent details, are preferred to a 
simplifying generalization that wouM n^st, great labour. 

Qne form of self-denial requisite for getting at truth is to 
withstand the influence of the present, fed the palpable. A 
present irifpression has a commanding potency. The inherent 
tendency to assume that what is will be, is aggravated by amy 
unusual" impressiveness of the present fact. The first victory 
of a campaign elates the oohqijering army with Confidence in 
the future. » ' « . ' 

The Sympathii*8 , — The sympathetic tendency, of our nature 
‘ while antagonizing SQlf-interest,and the errors thereby induced, 
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,is a source of rfrprs peculiar to iteelf. In making us chime 
im with the feelings andT .views of those about us,*it*perpetuat^s 
opinion^ ^that hai^e ones got a footing ; so that I^e world is 
sometimes dependent a move in advance, on th^ revolt of 
an excessive e^ojiist. / * * * • • . . .• 

iThe disposi^on to see as much# good, as possible in»our 
fellow-beings kas nuAed varioSa fallacic^us judgments.*** Thus 
is s^id oferrors; Ibhat thejjare almost always partial oi^half 
truths ^ v^jhich may be ^he case with certain errors, but ce»» 
tainiy not ^ith all, probably not with the majority. An error 
has usually some# show of fadt to rest upon ; but we cannot 
say that the ante-copernican doctrines of .Astfoaoi^y lyer*? 
half truths ; that ihe sun and stara move round the earth,* 
was a total mistake. That despotic government favours tb^ 
happiness ancf the iraprovemenLt of mankind do%s not deserve 
to be called a half truth* It is 4he conversion of a%f(9w ex- 
ceptional instances into a general canon. 

Another fallacy df ex«essife sympathies is that what has 
been in the past has always been more or Ifess suita,ble to the 
time and circumstances.* Thus, sla^ry, it 'is said, howhyer 
disapproved of now, was once necesi^ry and suitable. Perse-^ 
cution for opinions t^as the fitting accompaniment of an 
state of civilization. Feudality and hereditary monarchy may 
now cease to be essential, but were so in former times. Such 
encomiums on the past ^eed to be received with great m\s< 
givings. To justify them fully, we rnus^ maintain, first, that 
the goodjDf mankind has been*fhe chief motive of <ho fowaders 
and supporters of the aetual ihstitutions or every age ; aifd, 
secondly, thaj m^Qn’s ingenuity of (contrivance has been always 
on a level with*4heir necessities. We cannot say that it was 
•essential to -bunlan society that the Greeks of •the time of* 
Pericles or of Xefiophom shguld b© sold as slaves, when they 
happened to be taken ^in war; ^such men could have been 
induced jbo *work by th^ motive of pay. • • < 

. The Special jE^ma^ipi?.-^The tconsideration in detail ol^a few^ 
of the leading ©motions will dbring to view the ifiore specific' 
sources of fallacytftrisinsr from ^he feelings. Their /)peAtion 
is sti^^ mainly due to* their bei^^g pleasures or ^ains ; although 
there is in emotion also the influence of mere excitement,' 
irrespective of pleasure, in^occupjung the mind and^ directing 
the trails otthooight. | ,» • » # 

• We may remark first on the •Emotional Temperament 
gener^Jly,gDr; as it is also called, the Sang'tim Tem^^erdmeslUf^ 
the effect of whifch is to dwell upon the good side of everyi 
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thing. ' Men endowed with this peculiaritj V/er-estirnate all j 
that is goo^d HI their prospects, and ‘in the prospects of the 
world generally. They are optimists as i^egards ,bpth the 
preseht ‘'and the ‘Ipast. They fall int%< the last nanied error — 
that' . whatever wafe, Was ih^h't. Mere sympathy, without 
the'senguine temperainedt, npght not so readijy fall into that 
tnistake. The opposite temperament works ia the opposite 
diiVction ; it is the souttse of disheartening views of things, 
and forebodings of di^ster. The fin^tuations of ^he mental 
tone in each individual have temporarily a like ftifluenOe on ^ 
the beliefs. ^ fi ^ 

* The ehrotionahtempefamentindulges in delightful ideal con- 
ceptions, from whiclF aro excluded the stern features of the 
‘i*ealify. Hence the fallacious picture of a beneficent despot — 
the btessingS of absolute authority in good hands — which 
occupies the minds of seutimentalilfets, and plays into the 
hands of real oppressors. 

The emotions of Novelty and Wonder have been often 
descanted on as Sources of corruption. They disincline men 
tcpany facts, views, or theories, that h£|,«e not in them a dash 
of the marvelous. It iS difficult to get good observations on 
thS mental faculties of the lower* animal's, from the wish to 
invest everything about them with mystery and wonder. The 
same cause pre verts the records of travellers in foreign 
oountnes. EvetF physical phenomena that have anything 
marvellous about iibem are difficult to observe with precision ; 
a»d**»tl:^ ^atements of unscientific persons are generally 
untrustworthy. The fondness of the human mind for exflg- 
, gyration and hyperbole re;.ders a great part of human speech 
untrue to fact. 

The Embtion of superadded to mer^ aversion or dis»* 
liking, unhinges and debilitates the mind* disposing men to 
dark and dismal views of tilings, and fitting them to be the 
'slaves of whoever has the power to tprrify. Under the shape 
of Silperstitibn, the susceptibility to has held mankind in 
captivity to innumerable delusions, especially in all that per- 
tdins to*t]fie supernatural. 4 s the enemy science, supersti- 
tion is dwelt upon by Bacon witbpeculi'ar emphasis. 

The feelings of Love, tenderness, afiection, amiability, whlbh 
are distinct from sympathy, proper, aHli/)ugh always in some 
degreec fused with it, afre corrupte|is of the intellect, by creating 
a disposition fav6urable to whoever is lovfed ; hence the parti- 
alities of afiectio& and friendship, the incapabiiitv nf seeing 
anything wrong in* one's copntry,fSect, •Or pariy. * In Ihe 
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bigheixbompopjids, termed •A dmiT;fttion and Reverence, there is 
a still greater power te sway the judgment of -tl^ individual.* 
Deference to great autljorities, and teethe prevaihng views*of 
society, «Ji& the readin(i^s to admit compromises, miw b^i traced 
to the loving and sociable *dispo^^ions^ The same dispositions* 
arS easily ledifiato the*worship of ai^iqnity, wliich'is the‘,%eiiti- 
nfental stronghold of blind co*«ervatism. # *• 

•' Th^ emgtions ,c£ Sel/^ the special Circle of Vanity, tCon- 
•ceit, Pride, Peeling of •Digifity — in proportion to their pdw^, 
distnrb tlfg judg*inent%>f what is true.* The respect for our 
own opinions, because they ^ are ours, the plans, devibes,, 
theories of our o^n concocting, tbe \;alue set upon ^erything^ 
that touches ourselves, — are snares in the way to truth. *Oup 
egotism even comprehends family, friends, party, and n^tioi^; 
to all of whom, as being related to ourselves, we attribute a 
, superior wisdom. National prejudice is one of the gfe*.t Ob- 
structives of political progress. 

The sense of PersQual Dignity operates to pervert ouf views 
• in a remarkable degree. *Many pfe valent dcwJtrines ar*e recom- 
mended by their suppose^ contributioji to the'dignity of hifn^an 
► nature. A leading al^ument in favcwir of the ImiOateriality ofi 
tAo Mind or Soul is^xpres§ly grounded in the greater dignity 
of the immaterial essence. The doctrine of Free-will *18 sup- 
posed to elevate human nature by the ennobling filnction of 
autonomy, self-government, or^ judicial *fJ*bitration. The 
modern hypothesis of Development is objected to as offending 
our ancestral pride. The exc^ding sinfulness a^ribut^d^to 
human nature by the Calyinist would bo highly unpfLlatablfe, 
biA for the tribute indirectly paid Jo cfiir self-importance. • . 

Our enjotiems <)f Anger y like Fear, are manifestations superin- 
duced upon meret pain. Revenge, antipiU'hy, hatred, party i 
^^pirit, are forms of,the irascible feeling, and are antagonistic, 
in a conspicuous degree, to tlib asceftainipg of truth. Calumny, 
the expression of anger,* connotes •falsehood. ^ * 

We conveniently group ^nder the JSsthetiiC FeelmgSy a 
variety of emotional 'tfates, of ^ which the central ^nd special 
mode is Artistic fi^tnony, but which involve also many o{ the 
other emotions — as Novelty, Wonder, Love. * Th 8 y are Jhe 
potions aimed^at in poetry and in works of Art, and contain 
a large mass of powerful /eelingw Many false sys*tems of 
philosophy, and numerous petty 'errors and perverSions, are 
to be ascribed to* this departrdent of odV eipotional suscepti- 
bilities. Thus in the ancient .world, the min^s of pljilosopheyi 
were deihiaated hy the idea of symmetry, proportion, order, ' 
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and hawAony. Pythagoras .was entranced by ^he myftery of 
ni^ber ; Plsjto followed him ; and Aristotle was not exempt 
from the spelf. But the j^redominant squrce of fallacy quotabli^ 
under the present thead was the suppored Perfection, ^Dignity, 
and fteooming^ess of o^rtavi arrangements it natare, which 
included numerical opnsidfirations among othei^st’*' The Aupetior 
.worthiness of fire was declaredlsi the Py tl'agorea»n philosophy ; 
and ^ven in the later O'opqrnican controversy an argument was 
fiiunded on the circumstance that*‘the Lew system placed fire? 
the noblLst element, in'" the centre of tiio universe/ * So only 
Mind, according to Plato, in Pl'ilebus, is sufficiently dignified 
to cj[*eate» the* woj’ld. In tCie recital by Socrates, in PhsBdon, 
\)f the pliases of his inf;ellectual history, on the subject of Cause, 
tjie di'ctrines of Thales and Anaxagoras are set aside because 
they do not Recognise the hecoxning as a power* in the world. 
The adherence to the circular form^ of the planetary orbits, , 
because of its perfection, was inveterate in the cool mind of 
Aristotle. The planets could bo on\y six,^ because that was a 
perfect nu'^nber. • * * , 

dictation 6f a plqjn^to Naturq on a supposed propriety 
has run through all timjs. Even in hSrd business affairs of.^ 
' trade, Aristotle held it was against nature that money shou^^d 
breed money, that is, pay interest on loans. Lamarck argues 
that a Polype cannot have Sensibility, because it would be 
contrary to the jiJan that Ifature is obliged to follow in all her 
works (Lewes’s Aristotle, p. 97). * 

fictijn of Unity, which ^carried away the early Greek 
p'niloso^hers, pat’tly proceod^rom oy;er-nssimilation, and partly 
ministers to artistic emotion. TJh© absolute unity of m^nd 
is still worshipped by German philosophefc. • Hqrbart and 
othet’s, rather thax' admjit the radically distinct nature of Peel- 
ing, Will, and Intellect, insist upo|j[ regarding Intellect ol; 
Cognition as the basi^ of t*he twfi others. 

* The artistic (^ublime dictates such exaggerations as Let 
justice be d^ne, though the Tijfprld oo^apse ; ’ ‘ Truth is great 
an4 all-prd vailing. ’ Only a \pind dri^u off its calm centre 
by ‘the Qublime of Pgrce can exclaim ‘ MJ^fit is Right.’ The 
fallacy thSbt makes Artistic Harn^pijy the test of truth, almost 
inevitaWe in poetry, is deliberately maintained in Wordswor^lj,’s 
Essay on Epitaphs, and in his prpse criticisms. 

The allegation is ofl;!en niade, on instances garbled to chime 
in wit*h an amiable *seni;imenf, Aiat great meft derive their 
‘Qiental power clpefly from their mothers. ^ ^ ^ 

The influence of msthetio qualities — beaTjty, suLlitnity, bar- 
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rfiony, prf)priety— is Amstafitly operatiiKtg to twis£ the under- 
standing. Thet Architecture, music, and colouring employed 
iii*religion, indispose thd. worshipper to canvass thef Validity qf 
the doctrinefk The art «f the orator involves the* tickling of 
the sense, and the ckar^S of style. Such subjects a6,Hietiory, 
Criticism, MoraJity, the^ Hufnan Mmd, where literary polijih is 
moye or less a™nded to, are liable te distortion through -i^at 
circurastaifco. .Uf Rhetorical devices, oply a few fire subser- 
vient to truidi ; while a ^reaj many are hostile. \ 

The int^'ests of* M<jp%lity and Religion, have, in almost 
3 very» age And country, been thought to require a habitu|d 
exaggeration of th® pleasures ofwirtue and the miseries of vice. 
Plato was the first openly to recofeinfend the pibua-fjaud. ofl 
preaching doctrines^ in themselves falser as being favourable 
l;o morals and social order. And although only one socioty itsi 
cQodern times~the Jesuits — lias formally avowad the*san^e 
brinciple, there has been a wi4e-sp3pead disposition to pmif it in 
practice. Various apologists for Christianity have contended 
bhat, even supposing^it uatruc?, it .ought to be propagated on 
iccount of its beneficial consequences. 

III. Ir^uence of A%^ciations . . 
belief is not founded in tjie intellect ; yet the intellectual 
associations confirm tendencies pre-existing, and contribute to 
belief both in the true and in the false. When two things have 
been often associated together in thp mind, «t{ie impetus thus 
acquired, in passing from She one to the other, counts as a 
force of belief. We are dispose^, by our ihborn activity^* to 
proceed ufon whatever we are told, there being no d)untei^ 
acting tendency present ; the frequent ’repetition of the same 
declaration enhances our disposition to believe it. The force' 
of iteration is ope of the leading causeg of nten^s beliefs. What 
has often been saidf and seldom or never contradicted, is all- 
powerful with the mass of mafikind.* , , 

Thus, one part of the influence 5f educatioui and of prevail-i 
ing opinions, is due.toui Jkitelleqtual link, whose gjPowth could 
be ■ arrested^by me^e •counter ite\;ation. The same influence is 
at work confirming^fir modes of looking at things. ^ Tkeve 
may be no reason, beyond ^tlje adhesion generated by length 
why a man is reluctant^* to entertain a new opinion, 
and yet this may be enoqgh to render his conversion impracti- 
3 able. It wan remarked that Harfey’s jdoctrine of tlfe circu- 
lation wAif admitted 4ay no pnysician past* foiiy. Amo3g our 

batiits, we are tp reol^on beliefs^ , The inveteracy of pretsonceived 
3 pmions’is ih greab part due to their being long cherished. 
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FALLAOliJS OTf OONFTJSTOI^, 

TSese fallacies cannot nsnally he produced as direct contra - 
vention^ of logical method. Many of them depend* on imper- 
fect acquaintance with the subjects under discussion. A 
certain number may be ^egSrded as snares of language 
fBacon’p*^Soia A logical discipline is good as against 

many ; and their detailed exposure may have a slightly forti- 
fy ing'' influence. As already remarked, an exbfiustive treat- 
ment's not possible; but certain genera may be selected as 
being h6th prevalent and deleterious!^ 

Fallacies of Language,, 

Ambiguous an4 ill-defined terms . — The Fallacies of Equivoca- 
tidn of the sc^holastic logic are fallacies of ambiguous langu- . 
ag^; for which the remedy is an exact definition of fill 
leading terms, and an adherence to the meaning so settled. 

It is one criterion of an advanced science to have its terms 
defined. In sub^epts not raked to scientific precision, we may 
expect vagueness in the use of language. The Mathematical 
and^^he P^yrsical Sciences we^e the first to make progress in 
this dkection ; ^only in recent times has the progress been 
e3;t8nded to the Moral Sciences — Psychology, Ethics, Politics, 
Law, Political Economy. 

The exei^plification of ambiguous words h^is no limit, unless 
we adopt some principle of selection. Foy. a work on Logic, 
the most appropriate exanlples aid terms of leading importance 
whose ambiguity is still a cause of erior and perversion. 

Tl^ wor(^ ‘ Nature ' is full of ambiguity. Butler pointed 
out three meanings. Sir G.\C. Le\^L, after a lengthened 
exaniination of particular uses of the vic^d, found that they 
fall undeii two classes: — (1) A^;gomtivfi idea, as expressing 
essence, quality, or disposition i \2) A negative idea as exciudipg 
art, or human regulation and contrivance. This last meaning 
occurs in the phrase state of nature^ used to de^gnate man’s 
existence before the introduction of law, gioverument, and the 
arts of chilization. As £uman interference may sometimes he 
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anfl sometiifnes bad, the meanhig of nature varies Accord- 
ingly. Whpn men’s ‘ n&tnral rights * are spoken* of, there w 
^great doubt as to what ie^ intended. ‘ Every man has a natural 
right to tis liberty of uncertain*9ounds ;#‘tiatyral’ 

- being probdblv. ^sed in LfiwiSV second acceptation, as.® the 
an thesis of aTX^*regula 1 :ion, andjintetferenee. * 

^ ‘Libert/ * has various meaninfs. It is ijot merely the absence’ 
»of coeroioii or restrafntj as be^g at large instead of being infjpri- 
soned ; jt ^tendaalso |o»the possession^ of powers, rights, and* 
statu»; thusdn a community where there are slaves, being impici- 
honed ; it extends a>lBo to the possession of powers, liberty is a 
distinction, and freemen compose a ^’ivlleged erder of^rt^e state.® 
The ambiguities of ‘ Moral ’ have beei» previously adverted 
to. Even in the one specific meaning of ‘ right and wrbng,^ 
it has a fluctuating signification, and has given* occasfon 
Erroneous views. The cMteripn of ‘ moral * and ‘ imbioral,’ 
in the accurate meaning, is Law ; a moral act is imposed by a 
superior ; hence a supreme poVer.cannot do an immoral, any 
ifiore ftian an illegal act. When the Deity fi^ said to h^vp a 
‘ moral ’ nature, the \yprd*mu 8 t be st^pposed to m§An simply 
^ goodness,’ or else ‘ equity,’ both whfch qualities may attach 
to a supreme legislator ; the sovereign power may do p mis- * 
chievous act, and may be guilty of partiality or unfairness as 
between one man and another; which, howpver, is not the 
connotation of immoral oig illegal, •accordii!^ to the propen 
definition of the terms. The sovereign has, no moral duties ; 
his acts create these for his inferiors. ^ ^ • ** •* 

The conlusion of Law in*the juridical ^ense, with Law as tjie 
uniformity of ijatuye, is exemplified in Butler’s chapter on the , 
Moral Government of God. Butler calls the * course of ^Na- 
ti}re ’ a gdvermxieitt, merely on the ground that ft induces 
jwecautions to avoidf pain# Bu^these,precautions have nothing 
morakin them; they may be used for criminal ends. Guy 
Fawkes mpst* faithfully oj^ed the laws of nature, when he * 
placed his barrels of* gji^powdertso as to ensure Che blowing 
up of Parliament, wlfile he arra«ged for firing them in safety 
to himself. It is thifobjeot of a I^w proper to preyent nSen 
from injuring one andthei#; ith^^ uniformity of *nature lends 
itsliff equally to good and to evirconduct • 

The word ‘ Utility ’.has a*narro<ir sense opposed Jjo Art, 
elegance, and ^efii^ment ; ar|d 9 * wider sepse (as in the Utility 
the^ory of iftorals), ootnprehending I he* whole circle of human ^ 
gratiflcarioins and well-being. • 

‘"Self ’*has*severed meapings, ^which have to be disentangled 
in ethical Teasonings. 
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The words ‘same/ ‘ identity/ *Jaave often been corfimented 
Sin>ilarity or sameness is a matter of degree, and in tl|i3 
consideration alone lie^ the ambiguity. 4 human being is 
called. tb(j same person all through* life,, although* in many 
respr-cts changed. * « . ' * ' , * 

. ‘Probability’ is, not always used in its ‘^/oper meaning, 
namely, the expression of whaf is true, not in eWy ease, bui in 
most. ^ Not un frequently, the two sets of cases, pro and con, 
^.re called the probabilities for an(^ ^’ggainst a thing. The 
wind blows from the east, say three aays in seven, and from 
the west four days in seven the proper ,^xpression then isi,’ 
ftheye is^pfobaljility of fdar to three in favour of west wind 
^on a given day. Tf» s^y that the prol^bilities are four in 
favour of, and three against, a west wind leads to a confounding 
of the ^robal^le with the improbable. A vacillation between the 
meafiicgs is observable in. Butler’s*’ Introduction to bis Ana-^ 
logy. He correctly expresses the nature of probability when 
he speaks of there being a greater presumption upon one side 
of a miestion than upon another, and remarks that if there bb 
the* Slightest prepond prance, pru^encp requires us to act 
accordingly. He goes t)n, however, to say that, in question 4 
of' great consequence, we have to ke contjiit with probabilities 
even Tower ; that is, where there is an equal balance on both 
sides ; nay, even to less than this ; in other words, we are to 
act with the majority of oaS'es agajnst us, which is to believe 
in the improhahle, 

. Tke Jjlay of ambiguity is sd'en in the remark of Aristotle — 
*“That which is naturally good is good and pleasant ^o the oood 
man an equivocation too closely resembling what occurs in 
'Plato’s argument to show that the wrong-di[^er, if unpunished, 
is mftre miserable,’ lhan jf he were punished. ' ‘ The wfong-doei^ ’ 
says Plato, ‘ when punisl^ed suffers .whatus just ; but all jus(. 
things are honourable ; therefore he suffers what is honouc:*able. 
'Now all honourable things are so called because they are either 
agreeable, qV profitable, or both to^6f|ifr. Punishment is not 
agreeable ;*'it must therefore be profitable o'r good, ^'7bence Ibo 
WrOng-doer when purished suffers whatis {profitable or good, &c.’ 

, Separate m^amngs ascribed (o sflparaU words , — This is one of 
the greatest snares of language. There is a "strong tende^y 
in the mind to suppose that each«word l^as a separate meaning, 
and to te misled by ^autologiejj apd alteratiqns o¥ phraseology. 
The rapiifications of this tendency are ifhmerous and subtle ; 
•'they ipcllide the master fallacy of Realism, or rthe conversicn 
of Abstractions into. Realities. 
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The «lrong verbal associations tprtnea with all our opinions 
and views make us alarmed when it is propose.d to^ withdraw, 
tlie customary phrases^* in favour even of such as* are piot’e 
suitable.* Stillingfleet pomplained thftt Lopke’s doctrine con- 
cerning Ileas •‘had IflmQpt discarded Substance bftt'af.the, 
wofld.** Thi{»*foeling has been manifested against all the*great 
irftiovatioiis of^philospphy. Bgtause the Oartesia^ doo^ine of 
Mind,, and ,Mattei:,»as two distinct thii#gs, is declared to be* 
gratuitous and dpstitiite (fP proof, •people are shocked fus if 
Mind wefg done awa^ tvith. The same revulsion ig expe?f- 
cnced towards Berkeley’s attempt to reconcile the contradic- 
tion of the prevailing mode of reg%rdijQg Perception. Whately/ 
disposes of Hume’s objection to miracles ‘^s contrary to thi 
Oourse of Nature, **by the retort thaft, atcording to him, there 
is no such thing as a Course of Nature, there being nSthirfJj 
but ideas or impressions on tfie mind of the incHvidual^ The 
unproducible entity ‘ SuDstance * Is upheld in man’s Ainds by 
the force of the word. , 

The fallacy of the Identical Preposition is^due to there being 
two different names for the same thing : — • • i 

There’s ne’er^ villain dwellf^% in all Dgninafk, 

* But he’s an ^rrant knave. • ’ ^ ^ 

Perrier complains of the phrase • Perception of Matter,’ as a 
a duplication of words for one fact, leading people to suppose 
that there are two facts. So, between antecedent and conse- 
quent, in Causation, the^e is interposed *t!ie name ‘ power,’ 
to which there is nothing jprrespondiftg ; th^ fact being 
sufficiently stated by the uniform sequence of the aieteced^t 
and its consequences. • ^ • 

There js afdifilculty in satisfying men’s minds that Resist- 
ance, Force, Inettia, Momentum, Matter, are all gne facab. So 
with the terras Mption, ^Succession, direction, Distance, Situa-* 
tiop, Extension — which areemodiftcations of one fundamental 
fact — Movement and the possibility of Movement. 

The giving reality ^^Abstractions is the*erijpr of Realism* 
and is ndt as ;^et luMy conoliered. Space ah^ Time ar^ 
frequently viewed^ separated from all the concrete e^pri- 
ences of the mind^U^itead of bdng gerferalizaiionii erf these in 
tf^rtmn aspects Certain1)hingli are said to be ‘ out of all relation 
to Time,’ which should mean thp,t such things have no suc- 
cession andtno endurance. ‘ Time as the innovatory’ is either 
an una^ft mdtaphoi, or noifeeflle. So* VTruth ’ in the^bstract 
fe a fiction j the ^reality is a number of Vue propositioiyj. 
^Gharrce ’•lipger§*in men’s minds as an indipendent existeifceui 



FALLACIES' OF CONFUSION, 


390 

instead of an assertion of ^identity between pertain '^joncrete 
situations. * ^ 

» The wor<S ‘ Existence ’ in its most abstract form refers to*^a 
supposed somethiijg atVacbing alike jib the 'Object and to the 
Subjedt/Ofer and above Quantity, Spco^ssidn,and Od-existence, 
whic^n are attributes common to both. . The at^^y mef.ning of 
the Vf>rd i^ the Object ^getlt^r with thp Subj3ct ; fov which 
addijtion we also employ the synonymous naihes, Universe, 
Beifig, Absolute, Totality of Thi»gs. ♦ To predicate existence 
of matter or mind is. pure tautology r ‘ Existeipsc *' means 
matter or mind, or both, as the case may be. The only use of 
the word is express OJ;yecii or Subject** indiscriminately, 
^tliere being occasions when we do not need to specify either. 

The valuable distinbticta, struck out by Aristotle, of Poten- 
tial and Actual, is made the occasion of giving reality to 
fictioi?^8. Th€ potentiality has no meaning but by a reference 
to actuSlity; the power ot moving means motion in given 
circumstances. ‘ Educability V means education under certain 
conditions. Hanjilton has- created* a Petitions intelleotuiil 
facuHy ueder t^a name ‘ Conservative Faculty ;* a pure re- 
. duplication of his * ReprdfTuctive Faculty'/ We know nothing 
fii the conservation of thoughts, except^ that under certain 
circumstances they are recalled or reproduced. 

Unsuitable phraseology and unreal questions . — Many purely 
artificial perplexities have arisen from applying to a subject 
terms incongruous \;o its nature. Thu words ‘ true * and ‘ false * 
are property applicable to knoyrledge or affirmations respect- 
ing the f rder of the world ; they cannot be applied to^pleasures 
and pains except by mere metaphor. * A ‘ false pleasure ’ is an 
incongruous jumble, like a ‘ loud circle * or a ‘ bright toothache.* 
Aristotle pi^ts theY^uestion — ‘ Is happiness praiseworthy?* — 
to which there is no proper answer, because^ there is no proper 
meaning. * *■ 

The old puzzle resp&ting Motion is due to the improper use 
of language. , Mdtion means * change q.!* place.’ The puzzle is 
brought ahpht by insisting that the' phenomenon shall be 
expressed as in a place, that it shall be either in one place or 
in another! If we give way to this arbitrary restriction of 
language, we must allow, witii fiamilton and many othei;^ 
that Motion can be shown tp be impossible. 

Allusioa has already been madelfp. 1*34) to the unsuitability 
of the T/ord ‘ hypothei;^& ’ to eiprdss abstract notionj, as the' 
dj^finitions^of Geometry. 

.. The applicatioii' of terms of Extension and Lbcrd Positio*;* 
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^ to the iihind h%aifbeen the s(fhrce of factitious puzzles and arli- 
fVsial mysteries. * ‘ Hof?^ the immaterial can be ^Qited with 
matter, ho^ the ,uuex tended can apprehend extension, -hdw 
the indivisible can, n\e«ure the divided,— ttihis is the ipystery 
of yysteri^s tq^an* (Hamiltdn’js^Reid, p. 886 'Tble answer' 
is^ no aittempf should *be made to express the union of ‘ jnind 
apd mat^r ifi the language •that wouli be suitabld»tb the 
union* of one extended thing with ayotlfer. « 

* The , most conspicudps example of an artificial diffiftiiiJly 
created bjp incongruolis language is the celebrated iFree-will 
theory. The sequences of the^Will consist of feelings followed 
by actions ; they exemplify mettai causes gwin^ birth 
activity, and are lyoadly contrasted wijj)h tne physidhl prime 
movers — as water and steam — whic£ are devoid of any jpent^bl 
element. There is no mystqry in these peculiar sequences 
except the mystery of tte union pf mind and 6ody, formeivly 
remarked on (p. 127), The introduction of the idea of Free- 
dom or Liberty inta the yolumtaiy operation is totally without 
* relevance; and the consequence nas been a seemingly insoluble 
problem, a mesh of inexi^n cable coqtjadictiohs, . • • 

Fallacies of Belativity, — A large class of Fallaclbs consist ii^^ 
denying or suppresiing thp correlatives of an ‘admitted fact 
According to Relativity, the simplest affirmation has two 
sides ; while complicated operations may involve •nnobvious 
correlates. Thus the daily rotafion of tjift starry sphere is 
either a real motion of the stars, the earth being at rest, or Un 
apparent motion caused by the earth’s ro^htion. JPlato^geems 
tq have fallen into the oonfusion of supposing that l^th slars 
and earth moved concurrently, \^icW would have the efiect 
of making tlfe ^rs to appeai*ance stationai’y. • 

> Every mo^lp of stating the doctrine of iiViate id^as commits* 
or borders upon, a Fal^cy of Relativity, provided we accept 
the* theory of Nominalism. •A general *nption is the affirma- 
tion of likeness among fcarticular*notions ; it, therefore, subsist^ 
only in the particulaj» • It cannot precede tliei» in the*evolu- 
tion of tfie mind J it cannol^ arise from a source apart, and 
then come into ^Sir embrace. A gqperality not embodied 
in particulars is a self-cpry;radiction unless on sdhie form of 
Realism. * *• * . 

Kant’s autonomy^ o^ self-government of the will, iS a fallacy 
,of Buppres^d relative, .^o piOa is f. law to himsWf ; a law 
^o-implicates a ai^erior who gives ttfe lajv, and aif inferior 
who obeys if; but the same. person canuot*be both ruler and 
"^bjecl in*the same department. 
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In Ethical questions there are bxamples of #pupprestted rela- 
tives. Thns/it is often set down as essential to the highest 
nioral virtue, that law^ and obligation shoijld embrace every 
act of huirian lif^-that\he hand of authority should*^ never be 
unfoSt. * Now, authority means cperating by penalties, and » 
appeals exclusively to the selfishness of natui%. CTni- 

yersatbbligation is universal ‘talfishness, whicji is n'ob what is 
intended by the supporters of the doctrine. 

, '¥he view is sometimes expressed thdt^tbe civil magistrate is 
bound t'j support (by public establishment) the trie religion ; 
which, however, can mean only what he thinha the true reli- 
gion; a^d the correlative tr consequence is that he is bound 
'to establish a fatse religion, provided he believes it to be the 
truth. This is an offshoot of the fallacy arising from the 
suppression of the subject mind in affirmations.* An affirma- 
tion correlates with an affirmer : a t”uth supposes a believer. 
(See Part First, p. 80). 

' A Fallacy of Relativity is pointed out, by Mr. Venn, in the 
doctrine of Fatalicm ; a doctnne implying that events, delf)end- 
ing 'Upon* humarl agencg, will yet h,e equally brought to pass 
whether mbn try to oppose, or try to torward them. (Logic 
of , Chance,’ p.'366). 

The lioctrine of Relativity is carried to a fallacious pitch, 
when applied to prove that there must be something absolute, 
because the Relate ^e must suppose the non-Relative. If there 
bfe Relation, it is said, there must he something TJn-related, 
or j),bove a?l relatidh. But Relation cannot, in this way, be 
brought'^ round on itself, except by a verbal juggle. Relation 
means that every couscibus state has a correlative state ; ^which 
brings us at last to a couple (the subject- mi njQ, abd the object 
or extended world}.** This is the final end of all possible cogni- 
tion. We may view t£e two facts separately or together; 
and we may call tb^ ^conjunct \iew an Absolute (as Ferrier 
does), but this adds nothing' to our lAiowledg©. A self-con- 
tradiqtion is committed by inferring from * every tMvg is 
relative,* that ‘ something is non-relative. * ' . 

F&llacies of Relativity often arise id the hyperboles of 
Rhetoric.' In order to reconcile to their lot the more humble 
class of manual labourers, the rhetorician proclaims the d?gnit> 
of all labour, without being conscious that if all labour is 
dignified, none is ; digqity supposes infenor grades ; a moun- 
tain hei]^ht is abolish^ if all the'surroundiag plains are raised 
to the levhl of Hs highest peak. So, in, spurring, men to 
infiustry and perseverance, examples of distinguished success 



BEGGING THj: QUESTION.— SHIFTING THE GROUND. 393 


are hafd up ^ universal rtnitation ; while, in tact, these cases 
_owe their distinction to the general backwardne«s.« 

*fetitio Princtpii. 

Fetitio^rir^ipii^ Petitis QucE^Uh cbrguing in a circle^ . 

tJHh q^Aestion^fire ndmes for a l^llacy^ always 'included, by* 
fogicianfi in ,ftie List of j^allA((ies. To assume ^ome^here.iu 
the premises the very point to be proved is frequent in dealing 
with ultimate truthS. *^Th8 attempts to prove causation ftSJthe 
uniformfliy of nature^usually take ft for granted in some form 
or other. The ^inductive syUogism is a petitio principii, '* As 
anbther instance, suppose, on thfe otie haiqi, the Qontinuity.of • 
motion were given as the proof of Persistence of Jorce, and 
on the other hand, the Persistence of Force given as the proof 
of the continuity of motion, the arerument woqjd revolve in a ' 
circle. 

A chemical writer (Gmelm) assigns as the cause of chemical 
decomposition by .superadded bodies leading to new cdm- 
potftids, that the forces tending* towards the new compounds 
are stronger than those maintaining ^ he old.'* • • * ^ j. 

Hamilton remarks* that Plato, in •Phasdon, donlons*trates tl?| 
immortality of tht soul,»from its simplicity, and in the Ite- 
public, demonstrates the simplicity from the immortality. 

Ignoratio ElenchL 

Ignoratio Elenchi, shifting the ground, or answering to thc'^ 
wrong point, is committed in many controversies.^ An erotnpl© 
is furnifehed in the controversy relating tb a Mofel SeAse. 
The opponents of the doctrine u^ge' as an argument against 
a primitive br Iptuitive moral standard, that different nations 
differ widely, in their notions of Y^hat 'is righ^ and Vrong. 
The reply is, tha^ although they differ in the substance of the 
moral code, they agree in Ifolding som^ things to be right and 
morally obligatory. 'This, however, is shifting the grouifck ' 
The reason for appeji^Jj^ to implanted sen»A of Right was 
to obtain* for certain moral precepts a higher authority, than 
human conventiop 6ould give. It was pot to prove us endowed 
with a sense that somethir^ or other is a moral olftigation, but 
»4o dstablish the obligation Cf certain assigned rules (the ^ 
morality of our own time)^ 

In booki? on ^Practical il^thips,* ther^ is usually a 'chapter on 
*Our duties to o^iteelves.* Lite thaauJfonomy of the Will, this 
IS a Fallacy, of Relativity, being a contradiction of the 
^doa of dhty, which implies a superior authority. I’he difii- 
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culty is mefc by shifting the groind ; the albgatioif^ being 
'that the cart^ of our person and our interests is a duty ^ 
society and t6 God. , u , ,l 

The * E’allacia acrjidentis * and the ‘ a^dicto secundtim quid 
ad dictum simpliciter * r might^bd brought unddt* ‘ shifting the 
grour..d.* The meaning of a term is changed ihlt4’ application ; 
‘water ‘quenches thirst,’ does ndlfttiean ‘ boiling i/fater.^ So, the 
pleasures of duty are not pleasures attaching to it as duty, or 
aa. ::.^^f- sacrifice, they are incidentaf consequences of the situa*' 
tion, through the reciprScal conduct of the other paifty. i* 

FghoyAnologus. ’ 

* The irrelevant comparison, or unsuitable tanalogy, is a usual 
form if confused and erroneous thinking, especially in the 
older philosophy. It abounds inr Plato (see especially Timseus) 
and is^^not unfrequent in Aristotle; It is also prevalent in 
Bacon’s attempts at scientific investigation. 

A familiar but highly illustrative example is the comparison 
of the history of a hation to the life of man, in respect of birth, 
growth', maturity, and it?evi table decay., The comparison is 
irrelevant ; ihft likeness palpably fails in the most important 
]^oiiits. ^ A nation’s losses are repaired ; '«he physical failure 
of a. human being is irreparable. 

The reply to ail . such comparisons is to indicate the failure 
of . identity. The/ Aire false mmor propositions ; and the false- 
hood is exposed by pointing out the dissimilarity of the subject 
with*the^subjecb of the major. '^“They are of the same nature 
as^’a pleading in’^law vrhere the relevance is unsound. The 
remedy is found in hostile criticism. , 


CHAPTER r!’ 

LOGICAL FALLACIES’; 

There jnay be advantage in providing a supplemental colleC-^ 
tion of examples of Logical Fallacies properly so called, that is, 
violations of the prescrj^d Ldgic{il rules and methods it being, 
fully understood, that the * exemplification bf the rules then/ 
sdL^es, iq tlie regular exposition,' unavoidably affords instan* ^ 
6 o 8 of their neglect or failure. 
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The if)roper^ jirraagemen# ot stysli an additional Qollection 
( unless made promisoiyQns to test the ingenuity of tte stndent)^ 
A the arrangement o^* the general subject. iV)llowing fee^ 
order—^fteduction, Indqption, Definition — should commence 
with Dediictive or*Sy'Hogi^tia F^lacieg. 

Since, howe^r, a separate depsy^tment, prepai^acory ;iip tne 
Sj^llogism, is €nade ^np of Eqimvalent Forms, csjied Mso Im- 
mediate Iqferencpf and since mistakes^ may be committed in 
this department (sonlfe €)f thhm^the proper sources of syllo^ii^ia 
fall^cids Jf jihe first cftA of Fallacies* should be Fallacies of 
Equivalence, or of Immediate Inference. The chief heads where, 
fallacies occur arS the Opposition oji Piiopositionsy andJ[]pnver8iofj>t 
The acutest minds have been snared by confouiffling the 
Contrary with tlie Contradictory,* of^ Propositions. ^ ‘ Tjje 
reverse of wrong i ^ right ' sl^^onld be ‘ The reverse ot wrong 
contains something tha^is either ^right or indifferent.’, ^Thfere 
are objections agaiiist a vaoiium ; but one of them must be 
true : * the guarded staljpmeat is, ‘ if there be not a universal 
plenum, there must be some unofccupied space, or vacuum.’ 

The chief fallacy of Cqp version is Simple tJonvQrsjoft df ; 
‘all the geometrical 'axioms are sel^evident ; .alf self-evidenti^ 
truths are axioms.’ , The ponnection of this mistake with«th# 
usual fallacies of syllogism, was sufficiently pointed ofit. 

The proper Deductive Fallacies are errors against the 
syllogistic forms and canons. •They are plainly resumed in 
Undistributed ^Middle anfl Illicit Process, which again usuatly < 
involve the simple conversicvi of A. B\it for ^e sivjyf^ of 
language that leads to this inadvertence, a Mlacy of lyilogism 
wonld be comparatively rare. ^ *• 

The InDUCft’iVE* Fallacies include the most frequent and the 
gi'avest 'of Iqgioal mistakes. Their extoplification •would* 
naturally follow tie expository order of the subject of Indue- 
tioq. We might commence #ith efronepu3 views of the nature 
of Cause, such as the stippressiofi of importa^nt conditions and* 
collocations. We, mj^t also^onnect with this part of the 
subject the error * 0 ! assignii^ more causes thitn a phencT 
menon needs. It involved in the igery idea of cause/ that 
the efiect is in exact i^c^rdance with the*catfte; hence, 
the proof that more causes were operative than the efiect* 
needed, defeats itself.. If* we have an adequate 'cause for 
slavery, or fbr the subje6tipn qf easteq, or classes, iif the mere 
love of dbmihationton the pari} of the stronger, the exj^anation 
that the state of pociety deipands such an^arrang^ment ii^af 
iio valAe^ •TW ^ the error called ‘ proving too muefi.’ * 
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Next , are the Fallacies .from ‘-Insumcient , employ{?:ient or 
. neglect of fhe Methods of Eliminatipn. Under Agreement'^ 
falls, the mistake (exemplified in Medicine) of ponfoundiiig 
induction ^^ith n^nilti plication of instances, without variation 
i-of circunistances. Mr. Fallacies of mon-pbservation 

likewise siti against tlie methods. Au indutJ^im is not teom- , 
plete Ifi'il all, the insfances, or representatives of. them all, have ' 

■ beer^ examined. Paley, in affirming ‘ that happiness is equally 
^j^ibuted through all classes of ®the \ 3 cmmunity,* must have 
left out nf account the ‘larger part of the facts. ' ‘ , 

The assertion that ‘ Specieg are never transmuted,* even 
although^ not disproved .byipositive instances to the contrary, 
rwould i^equire an examination of facts far beyond what has 
ever been made. LeilJnitz generalized his ‘^aw of Continuity * 
from few unquestionable instances, without verifying it 
throu(jh all nature. 

The lallaoious inferences nained ‘ Non causa pro causa,* 
^Post hoc ergo propter hoc,’ are fallacies of the inductive 
methods. Some circumstance coupled with an eftect it held 
to be its bause, vfithout due elimina^^ion. Thus, the luxury in 
.,the Roman ‘enjpire is saifi/^to have been’ the cause of its down-*’ 
tfafr; comlnefcial restrictions, in spite of which trade has 
prospered, are made the cause of prosperity. 

The fallacy of not recognizing Plurality of Causes will be 
apparent from w;h^t was ad/anced on that subject. So, the 
fallacy of trusting to the Inductive' Methods in Intermixture 
of Ijftects (vas necfe'ssarily involved in the reasons given for 
CGupling Deduction with Induction. , 

JJnder Secondary f/aws^ there is obviously involved the 
fallacy of applying a general law to a concrete instsiice, or to 
, an intermediate 18,%/, without the due modifications ; as if we 
were to infer from the Law of Gravity that all the planets are 
falling -direct to the. spn. ' < 

, Fallacies of Explanation 'were expressly exemplified. A 
non-cpmplian»';e. With the lo^oal oolfditions of Hypotheses 
•’vrpuld yield iallacies on that sqbject. ' ' < ^ ' 

FiLLACiES OP Definition would, in thb .first place, express 
the use of Cll-dofined terms. ^ Aggii^ the ^ilure to satisfy the 
methods and rules of Classification is a sin against Logi^. 
We need but instance the wide* prevalence of the error of 
Cnm^divtdons. Bacon is pro-lific of^divisions and sab-divisions, 
which 4re never JogiiaU. , His* four classos of Idold are not 
mutually ^clusiv^ ; his Prerogative Instances ^will be after- 
wards remarked on. 
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r. — AND SYNTHESIS. 

I The common idea in the C(jprelative couple — Analysis sCnd 
Synthesis — ^is diiSicult to express# adequately, ®wiq^ to tlm. 
variety of its applications. Chemical Analysis, Mathferaatica# 
Analysis, Logical Analysis, with the*corresponding Synijjieseg, 
have a basis of agreement but ,with points of diflPeronce* 

• The general idea of ^’^alysis ig separation ; of SynA^®^s, 
composition or combination. * Yet the contrast does not alto- 
gether correspond tq the distinction of Abstract and Concrete. 
•Analysis is Abstraction, but Synthesis is net the negative or 
the absence of Abstractiqji ; it is noj the ufk-abstrjcCoted Con- 

• Crete. While the sciSfttific man is, f)y the law of Ifis b^eing, an i 

analyst, the poet or frtist, ^bo does not analyze but combines^ 
is not a synthesist. Synthesis in contrast with analysis, is 
combining q/ifer analyzing^; it is using the results of analysis 
with a view to construction. • ^ t 

The simplest exemplific&tion of the two correlated processe’s 
is seen in Chemioal Analysis. ♦The ChemiVt operates upoti^an 
unknown* mixture or copibinaMon of material bocl?bs, as •a 
newly discovered mineral, a water^ a fl(||*ange product froCi a 
furnace, tbe tftoirfach of a poisoned man. Ho separates and 
^identifies* the yarious ingredients of the fK)mpou*id, Civori 
♦the water of a mineral^ spa, he stales exactly what saline 
bodips, and gases are dissolvild in ft, and what is the amount 
of each. • • , 

The obverse Synthe^S Wonld^onsist in makin^up the^iven 
compound hy. mejaiM of the sqyeral elements in iJheir proper" 
proportions. Thusj having ascertained tjie precise constitireHts 
of a mineral water, it*is tJje^j possible to form the \ftiter artifi- 
cially,* If the*artificial watei^is exactly identical with the 
natural water, both the i\nalypis and the synthesis are ddccessful 
and complete. It is Ify ^the analysis, however, ^hat the 
Bynthesis'basheeh .possible. The an0!lyiiaiB.tthe fo pf 

^ij^hew means qf production ; i<i enables us not|merelyf£olmit%te 
ah d rival ‘the SDonianebus products of nature, but also! if need' 
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be, to varj’ thoge prociacts a 4ellliiite plan or ^urposG. We 
'^may introduce beneficial variations •into tbe syntheses qf ^ 
mineral waters. So, having analyzed somq cmdr substance 
medicinally*’ vala£d:rte, we may artifici^i^ly ,oompoui;id' it, first, 
'literaJly (which proves* the^sufilcienoy of the* Analysis), and 
* nexUwith improved .adaptations for , the end. 

The'most' notable applicatibh of Chemical ^synthesis is ^o 
the formation of organic compounds in theMaboratory. ♦ By a 
fosrdgone analysis, the chemist hal discovered the cpnstituenf 
elements of these compounds, and tne^ peculiarities of their 
union ; he then uses his knowledge to re-prod,Tice by laboratory 
‘proQesse» whUt has been Reduced in the course of living 
growth. In this way, urea, acetic acid, a^d many other or- 
^nior products have been obtained by laboratory synthesis. 
Such 8^ nthetjo efforts are the trophies of analysis. 

Oat next example may be termed* is ' 

the ordinary Scientific Analysis, the peculiar case of Mathe- 
matics being reserved. Here, Analysis is substantially iden- 
tical with, generalization, whether of^lifi© notion or of the pro- ' 
position. • What'Synthews, is will appear^ presently, 
f* The processes of assimilating, identifpng, classing, general- 
izing, abstracting, defining, are tke various sides, aspects or 
stages, of one fundamental operation. Now Analysis is merely 
a farther aspect, another side, of the same pro tens. To identify, 

I classify, and abstract, is to separate analyse, so far as the 
’ I case admits ; the separation being no longer actual, as in 
I Cheiurlstry, '^but meiftal or iddal. To identify and classify 
' transparent bodies, is to make' abstractive separation, or ana- 
lysis, of the property oUlled*Jtransparency ; or to view its func- 
tions, powers, or agencies alone and apart fr^m all the other 
powers possessed by the individual transparent bodies! Water , 
is liquid, but this aspect i§ disregarded ; diamond has extra- ' 
ordinary refractive power but no notice is taken of it ; the 
two substances are studied niereiy in t^eir agreement in what 
we call transparency. ♦ 

Now the investigation of n^ure turns exclusively on this 
abfSti%ctive^j5eparation.< Bodies are constifi^.ted with a cluster 
of powers or 'properties inseparably c6mbinated, yet each 
pursuing its independent course without any dilturbance frofii 
the otheri^ Water, as transparent, has a power exactly Iden- 
tical wi^h diamond and rock crygtau, as transparenl) ; the other, 
peculiarities whqrein the two bodies standf widely contrasted 
Jifive no^r^evancr, exercise no interference, as regards the 
jtransparency. Hence, the min^ having very iiimited powers 
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of attevilion, being easfly impeded and thwarted, by dia- 
^tracting oircumstancea^ finds the advantage of •n(|g\ecting 
allied properties, and poncentrating .its 'powers* on the o&e 
subject 'of study iS} the time. 

Thus, Ab stracti on smd Analy^ s? if .not identical, ar§ the 
sanfb fact vielfcT with*a sli^Bt mffeiipnce. ^ 
separately viewing ene point«6f agreement, and» leavfhg all 
other ,,accouip*animents in the shade the transparen<iv is 
ttudied by itself, thef ^ecific gravity and all other incof^o* 
rated properties being* left out of sight A nalysis means the 
very same thing ; only, proceeding a little fS-her, it suppoSes 
that* every one oi the powers of a ^veh concrete,, as w^tei; 
may be abstractecT by turns, — transgarepcy, liquidity,* specificf 
gravity ; so that water as a whole may be analyzed, or^ep% 
rated (mentatty) into a number of different pj)wers,« whose 
►enumeration is a full acqpunt of tlje agency of water, « • 

The farther we push abstraction and generalization, the 
farther we push A^aly^s. • When, after generalizing all 
rniechUnical movements, and forming an ^abstract idea, or 
analytic separation of mqjar or meqb^nical force, we. pi'obqpd 
^to identify mechanical momentum with molecvdaf* forces, we 
make a new analyst; we separate the property of force from* 
its exclusive connexion with the movements of masses, and 
view it as the movement of matter, whether in larger or in 
smaller aggregates. • , ♦ • 

It is now requisite to assign a cor relative meaning of Sto - 
thesi s. As Analysis is the ideal separation^ and' se^airate «i£i-- 
bitjon of all the functions of a concrete thin^, as watir, iroft, 
blood, Synthesis is the re-statempnt*«f the whole in tfieir i 
aggregate* Its (^cacy would be shown in supposing a new* 
aggregate, as a, liquid diamond, a metal wifk all the properties • 
•of lead except its oorrosion. It would also be exemplified in 
the act of communicating, bjf descAptioTi^ the knowledge of a 
mineral, apart from a concrete specimen. , * ' 

Another step is ipe^llible. As these abstractit^ propertiesi 
of notions,* are wbat enW intb^the imktcUve geneMizaHof^ 
nature each inductjyS law being j^wo or more coupled togei&er. 
Analysis becomes applied^ip^Ii^ductive discovery, ^here qan 
b^ ho Vide indtiotion without a* correspohdihgly wide^ genera- ' 
lization of at least twp potions, that is, without an equivalent 
analytic sepitration. TKe (^u^mlt of, generalization,, in the 
notions Quantity* Jllertia, Gravity, Bersistene^, is the summit 
of Analysis* , The .highest generalities of Mind are attained ^ 
tbrcugh moUt thorough Analysis of Mind. 
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The employment of Analysis to Signify Ind'H'^^on appears in 
^Aristotle, an<d pervades the logicians after hiiA. ( See ManseT^ 
'Aldrich, App. G., Hati^ilton’s Logic,. II., ^), I?y an easy 
transition,, Synth^tis would be applied tp Deductidn, The 
•‘deductive operation of follftwiag nut the law of *^ravity to 
lunan. perturbations, ,.to the tides, to pre'oessioili tic., w^ould be 
called * syntk etical, as reunitilig abstract elerrf^^nts 'into new 
comliinations. Having ipastered the laws- of central , force, 
and^the composition of forces, Ifevfton liedueed or inferred thd 
orbits of bodies governed by other force's than gravity. * 
Synthesis, however, scarcely^ applies to sjmjple Deduction, 
the following 'out nn induction to a new case, as when we infer 
the deatt of the reigning , pope from the mprtality of the men 
that have died. There is no element of combination in such 
cases, there i^ but the filling up of the Induction, which is 
only formally complete so Jong as ony particulars are still 
outstanding. The synthetic operation is* best realized by the 
complex deductions, or the unions of severer! deductive laws to 
a composite or concrete case — a secondary law. 

There is nothing gained by using^ the terms Analysis and 
Synthesis to, the Inductile and Deductive processes respec- 
tively. We may show in what way the application is proper 
or admissible, and that is all. 

The use of the Syllogism may be expressed as analyzing or 
separating, out ofc regard to our mental infirmity, the three 
parts of a step of reasoning, so that they may be studied in 
sepaWtion. •a The premises, instead of being confused together, 
can be looked at apart, and each judged on its merits in its 
i solated condition. This is«an advantage belonging to Method, 
or Discovery. Wherever a separation of th'is kind* can tpJee 
» place," a grfcat relief is given to the underatapdingj with a 
corresponding enlargement of its pow(?rs. •• 

An accountant separates his columns of debit and of credit, 
{ind classifies under difierent heads payments that relate to 
different subj)ects and follow (fiTerent lu,les, 

G^rammafical Analysis mayjb>e followed by Grammatical 
Synthesis, as in constructing^ sentences upon new types sug- 
ge^ed by ][)utthig together the courponent elements in various 
■ways. • " 

Criticism is a species of* analysis ; anij the, composition of 
an Oration or a Poem,, by the guidance of cjriticgl and rheto- 
rical rules, is a^ ^strictly • synthetic opera’iiion ; the previous 
athalysis isHhe foundation of the ^method. Composi^on, with- 
out any rules, is not synthesis. 
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It is jf weakness oi me wscienj^mc man to suppose tnac a 
»concrete thing,* ItSi^ for ^zample, a political institution, can w 
viewed only as a whole-pthat its operatio*ns are am indivisilfle 
'totality.* •Ttus, tHe obt^ning of justi8e by.^he profbedure in a 
court of la^ is tlirotigb*^ SQ;pie8 ofJStepsjand processeS—rj^sing 
the<iicti«)n,)ajgfearing 43y counsel, . sjimmoning*a jliry, aijd so 
kon» The Effect ^f the.wholdbeijig good, the un-anajyzirfg mind 
distributes the* merit equally over all the? parts, and is showed 
when*a doulDt is raised «,s teethe utilfty of any one const it 
as, for examiple, the ju#y? • • 

, To advert finally, to the spgcial instance of Mathematidal 
Analysis and Syllthesis. A newgstep in geometry,, may be- 
taken either by analysis or by synthesis. The various (Jeo-* 
metrical properties ^re said to have*been first discover^, bjf 
analysis, while in exposition they are in the form of synthesis ; 
^which is not strictly the jp,ct ; we may proceed from thqbnov^n 
to the unknown in bath wayi^; discovering new properties by 
synthesis no less than by analysis. 

, Let us take Synthesis first, as Suiting thewcase of a science 
whose onward march is Jiy the w£^^of Dedjictioij.*, Lot ps 
•assume that a certaitr proposition i»as been jyrF^ed^ at, no i 
matter how, say, ‘ Parallelcjgrams on the same base, and bo-* 
tween the same parallels, are equal.’ Now any one consider- 
ing this proposition might readily see, that the Axiom of 
mediate equality applied to it, would shcv4 that the same 
tiling might bo predicated* of eqtial bases ; such an inference 
would be an effort of" pure de^ctlon^ or •the skilfil corchin- 
ing of tw*o already estabjished •propositions ‘to yield* a nefir 
thifd proposition. So, by a repeti^iorf^f the same appof^ite 
union of Jrutfes possessed, one niight also infer that ‘ Tri^ 
anglbs on the sam^ base, or on equal bases?,, and between the 
*^me parallels,* are pquah’ By fisher combinations, the rea» 
soner might go on to deduce or iifFer t^e,47th, and so’forth. 
All which is a purely synthetic (Operation ; and geometrical 
truths ma^ be evolved t/ any ei^ent in this way. • Coroliariea 
are usually* deductive Srference^of short leap, from the main* 
proposition. The* opftration is seldom qne of simple, deple- 
tion, there is usually a ce^tajn concurrence of •tw# or more 
* pi^positions to the new result V and the mental effort lies in 
brmgiiaLg these together. G^ometnical synthesis and* deduc- 
tion are thus ihe same tfiitig^ ^ ^ ^ 

*What then Is Greoenetrical Aflalysis.? is itJEnduction*? We 
. are told that it proceeds from the unknown tf lihe kl).own. 
one were fo^usj^CiJ; or surmise J[ without being sure) t'bat the 
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square of the Hypothenuse f)f a triangle is eq^|l to tbf^ sum of 
the squaifes of the sides, and assumiijg it, were to endeavoiiP 
to connect it by a thread of geometrical reasoning with tiie 
established prop^isitions of geometryj^ the operation ‘would be' 
called analytic or regressix^p, as aompared with the synthetic . 
or progressive couyse a^ove described. TeVdu’^ reality/ the; 
.inentkl operation is substantirlly the srme kv bott; the two \ 
differ only in superficial, appearance, like, the ejiquiry from ^ 
oKiise to effect, and from effect td cause'. Assuming the truth 
of the surmise first, \Ve have to consider what pi;ivr proposi- 
tions would be requisite to suqpoft it ; and, again, what other# 
prqpositignsfc wopld support these ; until we come at last 
upon Admitted theofems. The real operation at each step is 
^ deductive one ; we feign a proposition and try its conse- 
quences ; if these coincide wljbh the case, suchoproposition or 
propositions are what we T\eed ; an(J>if they are found among 
the true propositions of geometry, we have made good our 
point * ‘we have proved our surmise, and^put it in the train of 
geometrical deductions. 

„ Thb £ioilities»for thia^inverted deduction are so greatly mul- 
tiplied, by Al/^ebra as to give to the ’felgebraio processes the 
designation ‘ analytical ’ by pre-eminenoe. In an Algebraic 
equatibn, we work backward from the known to the unknown ; 
yet it i^ by a series of properly deductive operations — the 
application of ^axioms ^nd theorems already established. 
Algebraic Geometry is called ‘Analytical ; ’ the more reoon- 
djfeeproced^es of Algebra are called the Higher Analysis? 

' Thuis, while Synthesis has throughout a referOtice to.^the 
dpefductive and combining processes of science. Analysis relates 
to generalization or induction, every where^, -except , in Mathe- 
matics, inewhich it is merely the mode of dedpetive synthesis 
adapted to the solution of special problems. The geometer 
when* he has no sp/pcial end in view, evolves new propos/tious 
by direct or projgressive synthesis ; when be has. a problem to 
work out, he confines his detjnetion^to those that lie in the 
ap^roachefflo the desired so(ijt;on. Tfeev course of discovery 
in % Deductive science can bo only Deductive ; it consists in 
folIowingS)ut generalities in 'hand tp new Spplications ; usually 
by combining several in one application. Tlio ai't, the labour, 
lies in* the union of several prpposjtions to a result The 
liperatioh must be tentative ; ^it pafii!ot*be foretold ; yet it is 
imenable to a cqytaii 'general*' method, wliidh practice instils, 
iud which is nbt^altogether beyond the re|oh of precept. ' . 
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G. — GROWTH O^F THE LOGIC OF INDUCT^plJ. 

^ Previous to the principal contributors \o the Logic 

of Inducttop were JJaccgo^ Newton, .Herschetf and Wjiewnll. 

' ^CON. — y he, Essential pat‘t of th® serwce rendered by &coa 

^to ^ierfbe wa# his profest favour •f basing generalitjes-^n a 
patient cflllectjhn and accurati*comparjson of faifbs. ft was 
, t6o much tlipe custofti,Jie complained.# to ‘just glance at ex J^ri- 
i&ents and particulars^ passing in place of this, he proposed? 
to ‘ dwell *(duly and orderly among them.' With thb wh^le 
•force of his eloquence he discowraged flighty speculation and 
rash ’'conjecture, and urged that ^neralities#mu.^ be •founded 
upon a wide compa^son of particulariS. « ‘ 

Following up his emphatic enunciation that men must»hav« 
done with ram speculations and rashly abstracted notlcns, ,if 
dihey desire to make process \fi thtir knowledge of Nafifl* e, he 
devised modes of ellicidating truth by the comparison of 
instances on a methodical •plafl. pe directs the arrangement 
f>f facts in three different tables. The first f^ble is tp contain 
^nstances agreeing in^ the* presence oS the plfenoryenou to be 
investigated; this he calls a Table df Essence Presence 
{Tabula TJssentiae et FraeseMae). The second table is fo oon«' 
tain instances wanting in the phenomenon, but otherwise 
allied to the instances where the phenomenon occurs, each 
instance corresponding as far as possible to Borne one instance 
in thp first table ; this he calls the Table^pf Deviation, or of 
Absence in Allied Instances (Tdbula DeclinatipniSf^iv^ 
tiae^in Proxwio), The thii*d table contq^ns the* phenomenon m 
different degrees, and is called the*Tablb of Degrees or Taltdo^ 
of Compapison [tabula Graduum^ sive Tabula Gomparitiva), 
Ifhe constitutipn of the three Tables,is exdmplifidd upon an 
enquiry into the pb^snorcenon of H^t ; for the prosecution of 
which are assembled no less f&an 2/ instaiAses agreeing in the 
presence of heat, 32 allied instances agreeing in its absence,' 
and^ 41 instances of beitjjUanifei^d in different decrees, • 

The three Tables l^^em desired for the convenient applica- 
tion of the three le^ing methods of Inductive elii^ination 
Agreement, Difference, and Concomitant Variations; but we 
m^t not suppdse that Bacon* realized anything Jike the 
precision of tho^ methods. • He did not conceive tbjp idea of 
choosing his ipstapces so tW tjiey should differ in every point 
but the pnenomenocf under investigation,* agrd^ug o^ly in that 
— ^Ihc fundamental idea of the 'method of Agreement*.* Nor did 
he conemve the of the decisive method of Difference, the 
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choice ot two instances agreeing lin every save^he given 

^heuomencn.* Haying collected hi?*. Tables of Instances, hfe 
went to wArk by excluding according to jpertain canons tlie 
irrelevant instan<tes, then juaking a kypothesis urgUAss at the 
fcriit^, and finally verify ingit this by far ther eifquirr. . 

. Bacon takes especial rredit for^his ‘pi^bcesS >^xdlusfon o^ 
.Rejection. ^ He contrasts it ^Wth the pop ulaif .method of pro- 
ceding by Simple ifhuiperation, that is, hy counting only the, 
'^fisVourable instances, overlooking the unfavourable and Be 
claims *to be the first lo make it prominent, Ther'probjem of 
Induction being to * find such*a quality as i^ always present or 
f absent ^'witK th^ given Quality, and always increases or 
decreases with it,’ f the first work of Ijrue induction is the 
^rejeetion or exclusion pf the several qualities which are not 
found" in some instance where the given quality is present, or 
are fbimd in some instance where t^ie given quality is absent, 
or are found to increase in some instance where the given 
quality decreases, or to deci*ease' when the given quality 
increases. ’ ’ 

r I’t will be observed that this process of exclusion, althougl^i 
a great adv^^^ce upon generalizing without regard to contra- 
' dictory instances, is very rudimentary. »' Bacon^ does not dis- 
tinguish between laws of simple Co-existence and laws of 
Causation. The first of his principles of Rejection is suited 
pnly to the estabfehment of‘co exis^tences, and amounts to this, 
that we are not tq declare two qualities universally cohcomi- 
tanij^ if in*certain instances We find one absent when the other 
isjiresent. His other principle of*rejection is the reverse of 
t^ie method of Conccftditart variations, a disproving of causal 
connexion on account of independent varipJtion ; &nd applies 
to causation alona , ^ ’ 

As to the modes of cet^ifying the hypcthesis allowed afte*.* 
this process of collecting and sifting instances — the Logic of 
‘ Proof, Bacon has left us Sut a fragment. Of his nine divi- 
sionti of aids to Induction, Iw.com^l^ed only the first, Prero^ 
gative InMances, Under th’^’ head, he ^dictates a farther 
4nfjuiry into particulars, a^d dwells upo^i instances of special 
value to the inquirer, calling fhem Prerogative from that cir- 
cumstance. To call this division of his shbject an* aidr*1:o 
induotipn is misleading we expect to fin^ an account of 
instaqpes partioularjjy suithblg for founding inductjons upon, 
and find^instes^ illuBtrations of various ftiaxims applicable to 
^efinitiion. Observation, and even Experiment, as w^H as some 
specially adapted ^oy Inductivp EliminatioH.(: . 
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It is &J(xoug tjie Prerbgatiiie Instginces, if anyVNrhere, that we' 
are to look whether Bact)n had conceived any pcacjical device 
for bringingjthe process Jof Exclusion or Elimination to a .pc^ 
^sitive reiSdtt^ as is ftone in the.raodern fiiethg^s of Agreement 
, and Difference. • Under*the«he^dii:^ of Solitary Instancesj we 
►do fi%d sfcr^d# approach to the selection of instances impjied 
^n \hese eaeth^s. Solitafy I^tances are eithe^ induces 
that exjhibit.a phejrjomenon without any of its usual accom-* 
plhniments,' as colour p^dduc^ Ijy the*passago of light throi^b, 
aprisipi; tip instances •agreeing in everything except some 
•particular phenomenon, as different colours in the same piece 
of nofiarble. He ^says in a vaguen that suph instances 
shorten very much the process of Exclusion. They tjon tain** 
really all that is demanded for the m8tho*ds of Agreement and 
Difference. Yet in Bacon’s hands they are comparatively 
mseless, and, as part of Ijis method, could not ei^n fi^rijish •a, 
suggestion for more perfect cdntrivances. The reasons are to 
be found in his vagu^ conpeptvpn of the problem of Induction; 
His nfethods of Exclusion are oP avail only for problems of 
Cause and Effect ; they ar§ superfluous for pre^bleips 6f simple 
^joncomitance, a single •instance of disunion being jfufficient to 
disprove such a coni^xion : yet he speaks thrftflghout if, 
his elaborate comparison or instances were designed enly.to 
prove two properties co-^xistent. To this confusion he was 
inevitably led by the subjects he proposed t<j investigate. He 
seems to have thought principally of investigating abstradt 
qualities of bodies, such as deqeity, weigtffr, colouj, vola^]ity, 
porosity, libat ; his purpose being to establish* their EVrm, by 
which he seems to have vaguely ujjdei*^ood something invg»- 
riably prei^eiit* wijh these qualities and endowing them with* 
.their peculiar ^nature. Such an investigq,tion gave ample 
4Bcope for numerouswasserpblages of instances ; but the methods 
of sound knowledge were not4ikely4;o be perfected in a region 
that can be approached bnly by hypothesis. , 

Undei^ Migratory Injt^ifces, looping still in view the yame 
ckss of sflbjects;^ te i^oomnieMs attention to bases where* 
qualities are produoed in bodies ; giving^ as examples the ]}rp. 
duction of whiteneiS by pquqding glass and by agitaiing water^ 
ii^j^o fToth. From this we galher that be was sensible id a 
measure of the advantage qf studying the introduction of a 
^use into ktlown circumfitauoes, although in his narfow fleld 
of investigation if ceuld lead t5 no re,siil|. ^ f 

•In these twp firsj: instances we see how f|t^ he anticipated 
the Methods qf 4-gyeement and of Difference. | Few of the other { 
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'“twenty-tive instances ^bear strjctfy on'^the fndiictivfejj,Process. 
With Migr^iary Insimices^ be com'pa.res Inst&iti^es of Companion* 
^liip or JannAiiy, such as the tiniv'ersartouciirrenoe^of heat wfth 
flame, and* the universal absence of (jpnsistdncy in air*; just 
when'a^cftiange is producdd,^ 'v^e ipusC see^k the cause in some 
add^d influen6e, so wben a quality is always* p'lijs^t in aif-sub- 
Stance; we ^ust seek the cau^ in* somq property that shb-^ 
'stance. In StriJdny or Shining Instances, and Clandestine 
, Ijnrftances, he urges the ^mportanco of ‘tliQ two extrenies in ‘a 
variably phenomenon/ His seventti «and eighth cTristances, 
Singular Instances (as the majjnei among stones, quicksilver 
among metals), and D^viqjimg Instances (iildividual moastro- 
,*Bi ties) /are impoi^'tant for alike reason ; their novelty sharpens 
investigation. His twelfth case, Instance! of Ultimity or Limits 
IS (d same nature. ‘ The five last go together ; the stimu- 
lating ^fficaty ascribed to them i^, a favourite topic with 
Bacon, and is the real characteristic of several other Instances. 
7tni^anr/*s of Alliance or Union Instances of Divorce^ the 
thirteenth and fourteenth, ‘form a natural couple. The one 
constitute instaj|sces reconciling apgarent contradictions.; the 
hbat of the’ ^un cherisISijs, the heat of* ‘Fire destroys ; a con-^ 
j ciUatory in^tUnce is found in the growth^ of grapes in a house 
hc\ated by fire. The second constitute instances disproving 
an alleged universal connection ; it is asserted that Heat, 
Brightness, Rarjj^, Mobility are always found together; we 
point to air, which is rare and mobile but neither hot nor bright. 

In exenj»plifying‘Jn5toces jponfomiaMe or of Analogy^ he 
bi*feaicsr clean away from Inductive caution ; he gives as ana- 
logous cases the gums *01 trees and most rock gems, and refers 
•the splendour and clearness of both producit to>, the same 
cause, fine g-nd de^jcate filtering. Such fanQYes show* how little 
Bacon was removed frdm the rash specul^^tion he condemned 
in tha works of his prededessorsi/ 

^ His fourteenth case, the famous Instaniia O^'ucis (Fingerpost 
Instance), iij mentioned in thp Chaffer on Hypotheses, § 7, 
(p. 135), and is there placed its trtib Ifght as an instance 
decisive of rival hypotheses. ^Such instances are otherwise 
called Decisive and Judicial cfr OrpLcular Commanding, 
<rhese are all the instances c'that have a direct bearing ,qo 
I nduction. Of the remainder, twp are of importance foi; Defi- 
nition, the fifth and the ninth, Instances, and 
Bordering Instances. \ Vonstituiive instances ^vd thcl constittf- 
Wits of » comf l^x notion ; Bordering inj^tances make the 
b^filing^tfansitiop border between two classes/ 
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Five kistar-ce^ are fsiassec^ together its Instances of the Lamj^ 
^or of I^irst IvfSrvfiation ; and rela’le to Observation,* Under 
Bistances of the Door or*Gate he coinniente on artj|fid5al aidsjto 
the Sensijs— the ^icroScope^ the Telescope, and, measuring 
rods. By^Suirwioifing^ Evokmg ^nstances^ he mearps i’udica- 
tioiae ofi tl4n|^ii*not directly acc^ssibld to observation ;.*such 
ai^ the pjifse ?^pd thg urine, a^,8ynJ|)tom^ of the condition of 
the human bbdy. Instances of the Et>ad, otherwise called 
•Iravetling and ArUc%lmte lii stances,* display stages of growth 
mid of ntlier gradual cimnges the stpdy of these is strongly 
recommenSed. Sujjplemerdary Instances or Instances of Eefy^ge 
are said to supply ns with inforlnayon when the senses entirely 
fail us ; when we cannot remove an agent Jlltogetbfe&we maj 
vary its influence, tlnd when a pheiiOmetion defies observation 
we may studjfcanalogous phenomena. • Dissecting or Awaltenirtg 
Instances are such as great eflects produced by ^mall c|lusqs ; 
they appeal to our wi^nJer, and simulate enquiry. * 

The seven concluding instances embody advice on ^le prac 
ticaU conduct of investigations. • The four first of the seven 
instv'uct us how to attain precision by definite dete«*min|ition 
and measurement {M^heniatical or ^Jlfeasur in g InUlinces) ; the 
three last how to economize our resouces (Pro^Hous'ov Bene^ 
volent Instances'), 'the Mathematical Instances are instances 
of the Bod or Bule^ otherwise called of Bange or of limitation 
(where measurement of Sj)ace is required)^; Instances of the 
Course (measurement of OMme) ; Irtsiances of Quantity, or Doses 
of Nature (where attention is called t(/*tho qiu^ntity of an 
agent) ; and Instances of Strife^ov Pa’edo?Miv/awce,*und^r’^lliph 
title he gives a confused ’enumeration of various ‘ Motions,’ or 
tendencies toraetion, and represerfts tfie movements of bodfies 
as determined b^^ the victory of one or other of t|^esc ctjg:iflict- 
‘iiig tendenci^'s*— fqr example, when vfater runs out of a crack, 
the ^motion of Continuity is qfrercoAe by the motion of Greater 
Congregation (the tendtmey of bodies to the ground). Nothing 
could be •more fanciful/tid ilWical than tWs enumeration of 
‘ Motions.^ The ^stances are — Ihiimating lom 

stances, which poji^t out wlmt is most useful to man^’nd ; 
Polychrest Instancf^ gr Instanced of Gettearal TJs^, ((»n*trivances 
^efol for a vaviety of purpose as various modes of excluding^ 
air fJ^;om bodies to prevent^decom^osition) ; fin allyf •/ws/anca^ 
of Magic, tine lifee of fem'all ^auses.to produce great effects. • 

* We have ^iveniio aecountf’of the fi^th division, histances 
ef Power, otherwise Instances of the Wit or ^Ands of Man, 
is partly*i(fenti^a\Vith awakening Iii8tanceS|: we hAve singed* 
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lu out here as containing a homily, against being led Way by 
admiration pf fikilful contrivances frorn better' ways of accom- 
plashing the same en'd. 

In concluding this bfief account qf the Baconiais: method 
, we may^ifeiterate that thelnerjt of fi^con lay neither in the 
maclnnery he provided nor in the example boVetf* hurt in^he 
grand impulse he gave to the study’ of faots. “ 

• ‘ Newton.‘ Newton cannot be said, any more than B.acoh; 

to. hhve made a direct colitributic/n t6 the methods either of 
Discovery or of Proof ; but he set aiV Example of lAgftrously 
cautious enquiry that did more than all the precepts of Bacon 
po raise the standard of Proof, and to purify Science of fanciful 
lyjrptftheffes! He feven went to an extreme and was over- 
rigorous in his requireineiits of proof ; such was his dislike to 
niakihg hypotheses (in the sense of assuming causes not 
known to exij^), that he wished to banish them from science 
altogether. *■ 

The pules of Philosophizing (ReauloB Philosophandi) pre- 
fixed to his Principia were* long quoted as authorit£tftive. 
Although ‘worded" with an express view to the establishment 
, pf Clravitatiun,^ they are i^ecessarily appHcable to other induc- 
^ve generaKsihtions. 

TLe Prst rule is twofold, and may be thus explicated* 
(1) “ Only real causes*^ {vem causcB, actually existing causes) 

are to be admitt^ in explanation of phenomena/* We have 
stated the limits to this under Hypotheses (p. 131). (2) “No 
more causes^ are to b& admitted than such as suffice to explain 
the 'plienfDraena.***' This is an- echo of the maxim known as 

* Oqeam^s razor * (‘ Entia’non sunt multiplicanda prceter neces- 

sitatem *), and means that "when one cause^is pro ^^ed to be 
present in sufficient amount for the effect/ wp are not at 
liberty to suppose the prdbence of other causes. From a few 
words of explanation, affixe(Sto the rule, we should gather that 
hp meant also to suggest that there *was a presumption in 
favour gOf an explanation accounting fdi^the phenomend' by the 
’fewest agencies — a special plefid^mg for tis. theory of gravita- 
tioi^ Nature does nothing in ^ain, and®a thing is done iu 
vain by several agents when^it cp.n be? done by a smaller 
^lumber-’ e f ^ . 

The Second rule is — ‘‘ In as far q.s possible, the same causes 
are* to be designed for the same kind df natural *efl^cts.’* For 
example, •'respiration in^pian and*in beasts;^ tlie fajl of stones 
iu JEurope and iif ^merica. An aspect of fjie TJniformity ot 
Nafure designed tjj favour his view of Solar ^^raciioh ‘as the 
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eamo l^d of effect Vith *<iie attraction of the Earth for tItC' 
. Moon or for t^iVestrial bodies. , ’ « 

• The Third — “ Qaalitie’s of bodies that can neither be increanedfl 
nor dimjqished ffi intensity^ and tlAt obytain in* air bodies 
accessible *to expefimeflft, pau^t b0 considered quahfies of all* 
bodies «v^hlt^^T?er.** • Another * aspect* of the* Uniformly of 
Nature, a>so e^peciaHy adalpte^dfco ms extension of Giwity to 
the heavenly bodies. 

• The Fourth — ‘Jiu philaiophical* experiment, proposition's 
collected ^rom phenoAufna by*induction, are to be Ijjsld, not- 
withstanding contrary hypotheses, as either exactly or <ip- 
prosimately true? until other phei^orqena occur ^whereby they/ 
are either rendered more exact or are proved liable Jo eice^ 
tions.’ This is indfrectly aimed at tUe Ckrtesian explanation of 
the celestial movements by Vortices, the word hypotheses *being 
used in an opprobrious ^ense, as involving an eltlbieni^oj fancy 
operating upon imperfectly knowii materials. The rule may 
be held to imply that the te^st of a theory is its accordance 
, witlufaets, which is not altogethcfr correct. ^ 

Heuschel. Sir John Herschel devotes a *ponsidefrableb por- 
tion of his Discourse ym Hie Study of , Natural Pli%l%sophy to •an 
account of ‘ the principles on which Physical •Science relief* 
for its successful prosecution, and the rules by which^a syste- 
matic examination of Nature should bo conducted, with illus- 
trations of their influence as exemplified ijkthe history of .its 
progress.’ His introductory chapters on tnis head reiterate 
with greater clearness the admonitions <ftf Bacon,; enforcing 
recourse 4o experience as tha sole fountain of knowledge, 
ilffistrating the dangers of prejudice, and urging the import- 
ance of ^recDrding observations *with numerical precision. 
Fafther, . he dwells upon the value of Classi^icatioa and^ 
•Nomenclature*; although he suggests no leading principles for 
either process. In these p»elimirfary rejnarks we recognize 
the sagacity of the pra«tised exptrimenfer ; but it is when he . 
comes kfanalyze whaMainvo^Jed in the noflongof Causae, and 
to state his rules o^pffiiosopl^ziJIg, that we beconfe fully awai^ 
of the advance *n\^de in the investigation of Nature ^igee 
Bacon and Newt(lh,,and of thd advantage pgsseyseH by the 
^pounder of scientific methlid in having a large body of^ 
^ccqssful observations and^ experijnents to geiieraliae from. 

From the dharadlefs* ijnplied in the connexior^ between 
'cause aifd effect; h« derives Kine ‘ projjJositions readily appli- 
©able to particular cases, or^ules of philosc^pfdzing#’ Four4)f 
them, •the'* secen^, soventli, ‘eighth, and ni^th, are the four* 
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'-Gxperiniental Methods f which stated with sufficio^nt pre- 
♦jciision, althoa^^lj i^ot exalted into the prominenc«; ^iven theur* by 
^Mr. .Mill as, the sufficing and only methods of Proof. By 
Hersebd in# fact, tl^e foAr rules are regarded' solely ap aids to 
.Discoarery the idea of Proof does ndib seem ^ have crossed 
his ipind. -His other i^ules are more purely «^iy te'J (br pis- 
coveryr ‘ The first is a moi*e precise statement of Bac;m*s main 
principle of Exclusion, i^he founJation of the^pethods of Agree-, 
nient and of Difference ‘that if*in oniv group of Tfacts'^^there 
be one i^ which any assignedpeculiarity^or attendauj; circum- 
stance is wanting or opposite, such peculiarity cannot brf the 
‘cause we seel^’ The third jis ‘we are not to* deny the exist- 
^ice* of A *cause in favour of which we have a unanimous 
agreement of strong analogies, though it m<i<y not be apparent 
how such a cause can produce the effect, or even though it 
may b^ diflicu'lt to conceive its existence under the circum- 
stances of th« '*.ase — a maxim identical with the principle of 
analogy, that we may sometimes infer the presence of one 
phenomenon from the presence of another, although no causal 
connection has been established between them. As an exapple 
he totes that though we' do not know hi>w heat can produce 
^Ight, we yet conclude that the sun is intensely hot because it 
is ^ividiy luminous. The fourth rule is’ that ‘ contrary or 
opposing kicts are equally instructive for the discovery of 
causes with favp^iable ones,’ The fifth recommends the 
tabulation of facts ‘ in the order of intensity in which some 
peculiar quality suKiists,’ — peijjiaps the most valuable art of 
DisOoverjf. ^To this precept iQerschel very properly, appends 
thahthe value of the device may be frustrated by the interfci - 
ence of counteracting or modifying causes. ,tThe sixth rule 
reminds the ,prjqnire^’ * that such counteracting or modifying 
causes may subsist unperoeived,* and urges attention to them 
as a means of explaining e3fipeptio,’i8, 

. In some general retnarks following the enunicafcions of^his 
rules, he illus{,nit6s the necessity of cemtbining Dedactd3n with 
l^iduction iQ complicated er.q^ijies, aiifi e^xplains the nature 
of Eippirical Laws, glancing atVhe fact th^t they'are limited 
in their ap^lic^ion to‘ new citses, without *iitating more pre- 
cisely what their limits are. / ^ ^ 

The concluding chapter Jreats * of the higher degrees of 
Inductivfj^Oeneralizatiou, and. of the ferhiAtion ^nd verification 
of theories.’ He that the assigned agents must be' 

vei^ ‘ sudl]^ as we ‘have gpod indudtive grounds tc 

believe dv:) exist in nature,’ The Value and thei.‘test»of a hypo- 
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thesis Ve plac^s^m its accordance v^ith the lacts, and enabling 
us * to predict fdcts before trial.* • • • . • 

* Whewe^l. The echeme of the late Di‘. Whewell’s No'&um 
OrganU'ih ^Benovatum commends itself as fifrikingly^thjorougli 
and exhaustive. It professea ‘ §t revision ana’imjirove * 
nietit of ^je#m6thod^by which Science ^must* rish and ‘urow,* 
founded^upoyia coirprehehsivwPHistory of Scientij^c EfiUcovery 
•and 9. History of»J^'cientific* Ideas. Nbw, tlieoretfcally,^there 
‘could be no more- petffict vfaynf elaborating a body of maxims 
for ^he atd of the disifo^erer, than to jmss in review, chronolo- 
gically or otherwise, the grei^t physical discoveries that Iftive, 
beeh made, and lo study the essentials of the pro^egs in each 
case. ^ ^ • 

The distinguishing feature of WJiewelfs scientific w^ntings 
is his persistent driving at ai^ antittiesis that he conQQives to 
be fundamental, betw<aen Ideas, or Conceptions aivi* Facts. 
This antithesis is the shaping principle of his system and 
meets us at every, point. It regulates the division' of his 
histftry into two parts : the Hisiorg of Scimtific Ideas tracing 
the* gradual development of the so;C^lIed idtes, anoh a® Cause 
Affinity, Life, that fofm the subject»matter of ,vaHoup departY 
ments of science ; pjid i\iQ ^History of Scientific Discovery^ illus- 
trating how by the instrumentality of Ideas (ther* highest 
generalities), and of Conceptions (the lower generalities), the 
particular facts of Nature are* ignited aijil bound together. 
Thp same antithesis divides scientific method into two pro- 
cesses. Generalization consisting not in e^olving»«otio^irom 
a^compafeon of facts, tyat in *superihdncing upon fhets ceri* 
ceptions supplied by the mind. ,Th«J^*e are two requisites, to 
satisfy beforfe thjs operation can be perfected, namely, that the 
Conceptions j^e <;lear and distinct, and that thiy be ‘ appro-, 
priate * to the bracts, capable of b^eihg ‘ applied to them so as 
to produce an exact and universal* accoijdance : * whence there 
are two scientific processes, the Explicatmi of Goncejptions and-'l 
the Coltigation of Fa^st * % \ , 

■ The gr&n^ prpblein* of Si^itce is to superinduce Ideas dr 
Conceptions upon*Facts. Tue business of the discoverer after 
familiarizing liimJelf witji /acts, is to edinpare^thefn with cop- 
Ijpptibn after conception, in ftie view of finding out after a « 
longer or shorter prpe^ss of trial and rejection, whlrt concep- , 
tion is exactly ‘ appropriate ’ ,to*the .fapfcs under hi# consider- 
ation. When tile hi vdstigator has at length, by a hap^y guess^ 
hit upon the appj*opriate conception, he ist said td ‘ colli ggte* 
the frfc£s,*to ^^hind t|jenr iqto a unity.* tNo distinction i# 
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drawn in. this operation between tbe generalization of IFotions 
Und the gen6*alization of Propositions ;^,the difference between 
oho^ is . merged in the one grand purpose of procuring for 
facts clear aftd appropriate conception^ ^ ^ ’ 

It'iJ difficult to understan^d Wfbatche suppose to .have been 
the ol5gin of the conceptiQus thus supdViudufied^ u^oii fa6ts. 

speTiks of them as being stfVck but in the graduM march 
of Science' by the discussions and reBections of successive' 
tkmkers, a view not inconsistent \Vith *tl/eir derivation from 
the comparison of parttculars and the “gradual evolution of 
.deep and pervading agreements But he says also that they 
are supplied hy the mind, vrhile facts are supplied by seitse ; 
a'iid the ftinguage he holds^regardiug the si^iting of facts with 
their appropriate ’ conceptions, is consistent only with the 
assumption thjit the mind is a repository of conct^ptions accii- 
mu'latei there independently of the experience of particulars. 

By this initial severance of generalities ‘from the particulars 
they repose upon, he excluded ^rom. his method definitions 
formed by the comparison of* facts and the precise statement 
of cofnftiQn features. He yather decries the value of Definition, 

^ ind allows it^ho place of hononr in his Exj^cation ofConcejptions. 
^ hameaning o^ a conception is, he thinks, o^tener apprehended 
from an hxiom than a definition — another instance of his total 
neglect of 'the distinction between notions and propositions. 

His ‘methods toployed iil the formation of Science,’ the 
title of the third Book of the Novutn Organon, are three in 
numb?-, Methods of ^Observation^ Methods of obtaining clear 
Id&as, aiid Methods of Inductiorc, As ,a preliminary l^o Obser- 
vation, he recognises ai| ‘Analysis or Decomposition of Facts. 
Under Observation, he discusses chiefly the mode^of obtaining 
precisfe measfaremei? t ; he speaks also of the education of the 
senses, but does not attempt to lay down any definite precepts 
farther than recommaijdingthe sDtidy of Natural History and 
the practice of Experimental ihanipulatibn. His Methods of ac- 
quiring clear/ scientific ideas, ai*e nefchbp more nor T^ss than 
the study of the various de^Jli^inents * of sqience ^here the 
ideas^ ocevr ; the very piethodj^hat' would bo recommended by 
a precept orbelieving in the evolution of general notions from 
parficulars. An aid to the acquisition of clear ideas is Discua*; 
sion. *• * V t ^ 

We find no trace of ^hp^ three Reading Experimental Methods^ 
in his ]&ethods of Induction, nor indeed of any*meihods of 
P^bof- H4 conceired that his province wasi, to furnish arts of 
^iscov^erV, in so f^ir .as anvthinjr, was of avail ISevoiSd fiatural 
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sap^acit^ ; an^ he seems to havf thought slightingly oF tfi© 
jgfficacy of the^iree ]J|Iethods as a means to the jittainment of 
new laws.* * His principal arts of DiscoVery are given nif&e» 
the title* of ‘ Special Meihods of Indifctioii*§,pplic£eble to Quan- 
tity.** Tfee Mttliod of O7^«i;05»is,,%*devife for makin*g* apj)arent 
to ^he 6ye* tl^Vesult Af observation j on the cohcomitani^aria- ’ 
tion of wo phenomena. * T[t»*^onsists in drawi^ig a*<^rve of 
‘which th^ obserY«d quantities are thoHyrdinates^ S:ie qiijintity 
on which the change* of %h^e quantities depends being .tb© 
Ahcissay^^ The* MethoU of Means is the familiar -device of 
eliminating the eydects of a cqpstant cause from the conjoined 
effebts of accidental accompanimanta by striking an |iverage of 
several observations. The Method of Least Squares h a some- ■ 
what complicated supplement to the Method of Means. ^W^en 
more than one mean is proposed, they are each compagpd with 
the series of actual observation^ ; the deviations frcm efach 
case in the series are squared, and the mean is affirmed to be 
most probable, the^um pf whose squares is lowest i* ‘amount. 
Th^ Method of Residues is the method we described under that 

Under the title of ‘ Methods oi Induction depending on* 
Kesemblance,’ he jllustrafes the Law of (7o«hmh7y (‘ tljatta 
quantity cannot pass from one amount to another by* any 
change of conditions, without passing through all intermediate 
magnitudes according to the intermedia^ conditions *) ; . the 
M^hod of Gradation^ a ifame given to the process of proving, 
that things differ not in ki^d but in^^egree)^* and^n the 
JSfethod hf Natural Classification^ enforces tlie imptfrtancer of 
grouping objects according to t|ieii;^most important reijem- 
blances.* * , * 

Perharps thp most valuable , part of thef.Organbn is the con^ 
eluding Book on# the Jjanguage of* Science, Of this subject 
Whewell had made a special study ; ^ his aphorisms on the 
requisites .of philosoiftiical language contain nearly all tliei 
important points.^ 

H.— ARX discovery. 

• • - 

It was the disliitctioi? ^fJMr. Mill*^ handling of Logic, to, 
dravv a clear And broad line "between the Art and Science of* 
Proof and the,Art qf discovery. • The main busineS^s of Logic,# 
according to him, is the proving of*.propositions ; only in an 
incidental way ^dls it aid in* suggesting tli^pi. ** 

* There i|, in thp laws of ftyidence well uiiderstotid^ a pqS^er- 
ful indirect inoitemervt to qriginal disqofery. A thorougfi 
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means of testing whatever i^propcanded for actieptanQ^ leads 
bo the rej§c|iioii of the false, and, consequently to a renewed ' 
oearcb, ending at la^t in the true. ^J^or this roason sdone 
would . discovery }iG more rapid in the Math o mat ic^al and 
Physical Vciences, whqre veoQpation is easy, thgbn in the 
Men^’l, Moral, ' and ^Politjpal sciences, 'where filets ^are 
wanting' in t|^e requisite precisicku. Kepler was*i^ot ^tt in any' 
.doubts as to whether he had arrived at ths3. true law of the 
periodic times of the planets^ psychologists could not so 
easily satisfy theraselves as to the thorough-going coniiomitance 
of mind and body. a 

.. The Arts and methods of ^Discovery embrace (1) the Facts, 
tKat IS, Ooservation ; and (2) the Reasonings on Facts, namely, 
D^ducjtion, Induction, and# Definition ; which are all compre- 
hendeq, in the one process, ^ 

As mgards ihe accumulation of F^cts, there is little to bo 
said, and that little is apparent at a glance. Facts are ob- 
tained by active search, enquiry ,cadvonturp, exploration. For 
some, we must travel far, and visit many countries ; for orfiers 
we haw3 16 l^^ iu„ wait till pccasions ^^irise. For a third cross, 
^^eliaveto ine^itute exp^'riments, involVing contrivance and 
c^jv^ces, and the creative ingenuity pf thoupractical mind ; all 
which is itself a department of discovery, the least of any 
amenable to rules. 

The arts of Obiwi^rving wgre remarked on, in the Introduc- 
tidh, as being special for each department, and not a fit sub- 
ject fjj gen(Mj/il logfd. The pri^cautions common to all kinds 
of observation, in'regard to accuracy, and evidence, would be 
worthy of being recited^^prpyided there could be given a suffi- 
ciency of illustrative instances to make the dq^irea irapressipu. 

^ From the V limitation of the .human facuUies, the highest 
powers of observation are pot usually .accompanied with high 
speculative force. Hence, ro.mon^^ other consequences, a mot 
.qnusual misdirection of the energies of great observers. 

Passjing from {he region of^ct, qouje to the Region of 
Generality. A. number of infiipidual bbservatioas being sup- 
poqei the next thing ig to discover agreements among them — 
to strike buS. identities wherever tbe^e are points to be identi- 
fied^ these identities ending eK*her in Notions or in Gdnera^. 
Principle&i It may seem a work cof vast labpur to exhaust 
alHbe facts of the matqrii^.1 and qf the mental world ; it is not q 
less labdur, although of a, different kind, to. exhaust ’ all the 
idintities among facts. i * * 

«. .i’lthorfgli the main condition p*f success, in bringing' about 
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ideutit^fs, is a^pecuimr inreneccua'^apnLaae, oeionging to some 
men in a pre-einlnent .degree ; yet there are ’aids* methods, 
and precan^ions, for increasing the power. Sdme of thSso 
aids ar6 'ftuggest^d^by ii^ellectnal psychology, others grpw out 
of the methods mntolde'd ini logic, . , ^ * i‘ 

’^he methods *growihg out of the psych pi ogy of The infhllec- 
tdal pov«^s ajjB brieSy these :»-*to possess the miqd of large 
store pf tbp related hxcts ; often to refresh the recollectipn of 
•them ; to come into iVdbueht gontact with subjects that seem 
likely to'^fford complrfsons and analogies ; not to stand too 
near any one seb of facts* so ^s to be overpowered by their. 
8pec?ialities ; not to be engrossed »with the yrorfeof^ observing- 
the facts ; and in general, as to matters^ of great difficulty, to 
keep the mind free tVom attitudes ^and pursuits antagonistic 
to the end in* view. ** 

Newton alternately devoted hipiself to mathematies tind'to 
the observation and collection of facts in the various subjects 
of natural philosophy ; J‘>nd this alternation doubtless makes 
the perfect physical enquirer. * • 

IVequently an identification* hag to be embedded ih Cojne 
conception apart froirfthe facts ; as Kepler’s lavjs in imraericalj 
and geometrical statements, the law of sines, *J^c. In such 
cases, proximity to the sources of the conceptions wilt help to 
bring about the coalition. If mathematical reljftions, the 
matlaematical knowledge should pe kept^itesh, and so wnth 
.other subjects. These cftnstructing instances alone give any 
raeaniug to Whe well’s much iterated antithesis* of F,a«fc'p,nd 
Idea. The identification and' geiieralizatioC of fadts of^n 
happens without any ‘ idea,’ any genital form, or represetvta- 
tive beyond ^he*Jacts themselves ; there is no idea for a circle 
but round things,. abstractedly viewed ; anefino idea for gi^avity,. 
*bot gravitating bcvlics qompared ayJ regarded in their point.s 
of agreement. In certain other c^es, a.^c©nceptiou is obtained 
(not from any intuitive'source, bdt) from son^e already existing 
generalization, either^ i 4 lihe etme depantrnent, fjr in another 
departmetit5. Tlje • ‘ id*ea ’ fC^ Imbracing water * waves, ^ anH 
sound vibrations, wSs foundry Newtcgi in the ‘Pendn>nm ;’ 
and apart from the* f^cts ^hsmselves, no •better* * i(l%a ’ has yet 
jjfen •given. » • 

The connexijn of J 3 o,dv and Mind has its * idea ’ y^t to seek, 
^here has hitherto prevailed tbe^bad ^jiea of External^ and In- 
ternal. *In 8*hor£,,tii0 thost suitable compariso^n wherein to em- 
brace the relation Jias not beet) obtained from amy sou rpCjintnittve 
or othdr* *Qne approxipiatioi^ is a ‘ union, of distinct states.* , 
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'The a,iTivuig at clitiicuib^iclentifeCMtioiis, that is, the^,>traciug 
'•of similarities ehrouded in diversity, Ijy such 'aevices as have 
advanced in logic with a more special eye t(v proof, majr 
be viewed ivi the ^rst ^lace with regard to* generaUzatlon as 
►such* not distinguishing jnotion Trom the principle or 
proposition.' What^pert«ains specially to the *id(^iction of*the 
generffl* proposition, namely, th^ c<fliconiiiance Qjf diWnct pro- 
perties, is 'best considered apart. r 

r -Under the Deductive Slethod (^. 96) •'attention was called 
to three»helps to the discovery of geifeflilitieS — mujjtip'ii cation 
, of Instances, close individual sprntfiny of instances, and selec- 
•t^on of tjie le^st complicated instances. A ^^ider view of the 
available resources must now be taken. We have to see how 
ffbr tl^e thorough explicatioK of the reasoning processes, and of 
all thcradjuncts to reasoning, qalled forth by the coraprehen- 
si>e Dogic of^Proof, can be brought toijbear also in the striking 
out of suggestions to be submitted to pr©of or disproof. 

The‘£rst great practical lesspn derivable from Logic, and 
applicable in a much wider s^phere than proof, is to impress us 
with Generality .as the central. fact oJP science and of all kitow- 
r le(3ge tr^nsdfen/iiug indivViuals. After have gained posses- 
#“ioii of a * certain range of facts, ^ the R^xt great aim is to 
geweraKze them to the uttermost. This is not all. In pro- 
portion t6 the compass of any agreement, ought to be the 
pains taken with»,pit, and ^th^ prominence given to it. Wo 
liave urged, under tlie Logic of Medicine, the prime import- 
ance 4 )f.gen«ralizing'the Diseas^ Processes and General Thera- 
peutics, ^because of the wider compas,s of their application. In 
everything else, the ri^lp holds. The biologist should take no 
rest until he has exhaustively accumulated'^dnslcanpes of the 
greah fact of AssiifUilation, under every possible variation of 
circumstances. In like inanner, the physio^,! concomitants of, 
mental processes n(sed to be seaiwhed out in all their innumer- 
able modes, in order to rise to the generalities of thp connexion. 

Tho seveilfcst 'etiquette of ^e ^punctilious %stem of 
^anks and dignities in societj^s. as nothing, compjjr^d with the 
graduation of estimate and of r^pect to ba slhown to generali- 
jties of differerut grades. It is a grqtve ]o§ica\ misdemeanour 
ever to give an inferior generality precedence over a superigr, 
or to treat the two as of * equal 43on sequence, or even,, for a 
nloment^to be unaw^rp-of thejr r^laioive standing. We may 
give alt due consideration to thfe phenomenoh of fallihg bodies 
ais^a widojfact cbfixtensive with the surface of the earth ; bht 
I* in pres^ce of the superior sway of the law o^f gravfty through- 
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out tbe^isolar systenf, •the *terrestr^al tact must sink into 
second place iif tar esteem. • , 

•The next great application of Method, aETan aid k) (JiscoverJ^, 
^consists.iu tne use of tfie various Fofms or^ Fornmlities, ela- 
^ borated with a to ptoqf. is the largest p&rl o^ the 

’ pres<yit subject.*.* • * * * • ^ 

^ Logiciay^ii hlije alw^s stfif^e]j^4;o s^ fortfi the Talpe of*0rder, 
method, and elplicijiness, in complicated* statements? Hamil-’ 
^n^s dictum — making geJplictt in the Statement what is implicit* 
in the thought— has b<»eji received as a happy enunciation of 
one ftfnctioTi of logic. Mr. •Mill remarks, — ‘ One of the grekt 
*uses of a disci plinfiln Formal LQgi<4 is, to make ui^aw^re when 
something that claims to be a single proposition, really con- 
sists of several, which, not being ue^esstlrily involved one iq 
another, requi?ie to be separated, and t6 be considered es.ph by 
jtself, before we admit tjje comi)ound assertion.* *• Thfe 46 the 
disentangling or analyzing function of the syllogism, and is 
deservedly extolled as perhaps its highest utility. -Jt is a 
direct-remedy for the* weafeness of •the mind iGormerly adverted 
to (p^98). ^ 

••We may, however, go farther bacVthan the, exposition of 
Syllogism for valuable aids growing out of the logfcal fermqli-i 
ties. All the EquivaSnt Prepositional Forms are inBtrutnen4»al 
as means of suggestion. They enlarge the compass of any 
given proposition, by unfolding aU its impli^tions ; many of 
these not being disposed '•to rise tb view of themselves, ^ of 
without the stimulus of the formal enun(;itition. , *Of ftJLthe 
modes of Equivalence, probably *the Obverse ia the moiltiruik 
ful und suggestive j this lias become agparent on many ocoq^ 
sions, in the ciou^ae of the present^work ; we may instance' 
especially nbgative*de fining. Next in value if Conversion ) the 
converting of A-*by its legitimate Tor m if& a check to the blunder 
of supposing the subject* anc^ pred/cate cp-extensive in uni- 
versal affirmations ; and the arresting of tlie mind on the road 
to impendi»g* error seldom en<Js there, but fs ako a sta^t in 
the, search for truth.* Even the numediate inferendg from the 
Universal to the Pftrjioular is gw^gestive of facts not preyioui»ly 
in the view. , • * • • * 

Muclj could bq said as to*tlfe iqisystematic but wide-ranging 
mSlle of Equivalence by Synomyous .terms, or by var34!ig the 
• ways df expresshig the Isame propositjon. Althouglf some^ 
what ensnaring, thiq is .a fruitlbl and Vuggestive opei^tion. 
Its^power consists in resuscitating from the sjcft’es oi> the pash 
all the v^riois *kno\#n examples of the proposition ; I/O* whict 
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also may be added even illuRtratioiis and analogies. know 
^from many celebrated instances, bow mere opdlence of phrase- 
ology gives *the semblance, and occasionally the reality, cf 
superior insight. ^ « The Shakespeariain wisdom, the. stirring 
‘^apothegms of Pope, hp,ve theii: SQjirce, not in the scientific 
process of the intellect, but in the suggJstiveneS|^of exubf^pant 
phraseology.. ' , ' ,, * i, 

The Methods of Inductive Elimination, both directly and 
indirectly assist in Discovery. TLa coilectipn and comparisor 
of instances, to comply with the mc^lPod of Agreaw^ont as a 
. method of proof, will in many cases lead to new and improved 
gcenprali^a^iojas. A man, can scarcely go thi^ough the labour 
requisite for establishing a law of high generality upon ade* 
euato evidence, without adding to his knowledge of the law. 
Especaally is this likely to happen in working the Method of 
Agreement, whose exigencies are e^o-ctly those of inductive 
discovery. ^ , 

The 'same remark applies tq the union of Agreement in 
Absence with Agreement ifi Presence ; and there is bha addi- 
tion'll force and incisiveness that always belongs to the working 
I of the hegacive side. 

^ The method of Residues, to which Sir. John Herschel called 
special attention, was by him expressly commended qs an aid 
to Discotery. 

• The importanct^of Concomitant Variations has already been 
signalized, and will be again referre’d to. 

*^ 8 jihout I, dwelling farther *00 the specific virtues 01 the 
Several' methods, we would call attention to the*- value of a 
ce^m])lete scheme of Inductive Proof, in urging a search for 
instances to fill up all its requirements. He tfeat has thoroughly 
mastered the exp^irimental methods, desirps to bring up in 
favour of every important principle a series of particulais 
under each one of Ahem scparatfjjy ; an operation as fertile for 
« discovery as it is thbrough-going for proof or disproof. 

The remark is not confinec^to the methods of ’ experimental 
' elimination. The greater rfamber of propositions cr laws may 
deiive .evidence through the feeductivo JJethoa, and through 
Chance tliid Probability alsb. The wii^h *oO satisfy all possible 
methods of establishing a law is a wholesome stinuilus to 
enquire" after the very facts that improve the character *and 
'extend the applicatjpi\,of the la^. • The consilionce of Induce- 
tion and Deduction is the very highest, art that vhe human 
‘^jjptellect'can coQimand, not me^^ely for proving difficult pre^o- 
sitioniJ, but forgetting hold of propositions to be pyoyed. 
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All uhis is io repeat in another shape, and ip a grander 
sphere, the function of the Syllogism iir insisting that thore 
should be produced an explicit majo.* and, an explicit minor 
premise an any pretended raliocinution. Every inuucti\ e in- 
stance should be viewed in it& jJ^oper character, by refei^ence 
to tne methcd that it subee ’ves. iin instance of Agreement 
should be givjn as siich ; a Deductive proof should be quoted' 
uudei that description. If the Logical rules are not arbitrary, 
but founded on a correct anal} sis of the scientific processes, 
the ''.onscious reference to them, on all different occasions, 
must be a relief pnd a comfort to the perplexed enquirer. 

The Deductive operation, understood not formally ls in the 
syllogism, but really and materially, as In finding new appli- 
cations and extensions of inductions,^ is a pure generalizing 
process. It consists in identifying particulars with ottie” par- 
ticulars, exactly as in the properljf inductive operation. It is 
the same march of mmd continued and prolonged. Atj induc- 
tion so called is merdy a dertain collection of particulars, with 
a generalized expression superadded ; deduction is the bring- 
ing ill of new particulars. The difft^^nce of tne t\. o is not in 
the mental operation ; it is in the end that is served. The 
inductive particulars are those necessary for giving the g'^n- 
eralized expression, and for proving it as a law of nature ; the 
subsequent deduced particulars, not being required for esta- 
blishing the generality, receive illumination from the other 
class In both cases the effort of discovery is identical ; it is 
the bringing together in the mind by the force of reser: bianco 
a host of particular facts from all times, places, and subjects. 
Before the induction is gained, th# particulars contribute to • 
its establishment ; after it is gained, the nv.w particulars are 
receivers and not givers of benefit. 

The processes included under D^pinition — the canons for 
Defining, General Naming, and Qlassifi cation- — are processes 
of Discovery directly, and of Proof indirectly. Mr. Mill calls 
them subsidiary to luduotion, meaning Inductive Proof. 
Ev^ry step indicated under thoae several heads has an imnie- 
diate efficacy either m suggesting generalities, or in purifying 
them from ambiguity, perplexity^ and confusion. It is impos- 
sil h to make a single well concerted move in any of the paths 
marked out in these several departments without gaining an 
enlargement of views, or the means of ‘Some future enlarge- 
ment. * 

Everything of ^tbe nature of'an antidote to inadvertent and 
eonfnsed thinking^, everything that reduces information to the 
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tshape best suited for recollection ana rerereijoe, evef/thing 
*thLt .facilifat(js the ccinparison of resembling facts— must bg 
enrolled ampng the means of Discovei'/. T^ese wirious ends 
,are. eixpHcitly airafed at by tlie p!’esci"lptioi?s contained under 
Definition, .Naming, alid ClftssiVication.^ To , substantiate the 
allegation would bb to ^ rel\ear {?3 the metCof.s ^ explaTn^^d 
tinder thoss "heads. Hie amassing of pai^ciculai^a, positive and 
negative, with a view to Definitior^, is ^he express act of gen- 
eralizatipn, and brings with it discoveries o'f concomitance, as 
well AS generalizes notions. All ^the devices ol‘ N?im!ng are 
.intended primarily to ease and assist the* understanding m 
^friVingi'at new tr^aths. The machinery of Classification is still 
more strikingly the econoipizing of the fapnlties in amassing 
and m manipulating knowledge. 

‘ Wl^en the^ generalizing process has expressly in view the 
discovery of laws, or concurring^ properties, a most material ' 
help formerly seen) is afforded by Tabulation, espe- 
cially according to a scale of decree.* Failing this, great stress 
is altways laid upon extreme instances. These are the glaring* 
aAd striking instances of Bacon and^ .Herschel (see thfe Re^j 
^search hn.D3*w, p. 68). ‘'The method of exhibiting gradation 
byeCuijves is considered one of the be^c ways of suggesting 
numerical laws. ** 

Mr. Darwin has given an p.ccount of the steps that led him 
to propound the’ doctrine df Development under Natural 
Selection. ^ It afiViuds an interesting commentary on the ,fore- 
gdiff^'l^numeratjon of the cauies that prompt original sugges- 
tions. ^ 

. ' ‘When I visited, dfiring the voyage of H.M^.S. Beagle, the 
Galapagos Arch inpl ago, situated in the Pacific Ocean about 
500 miles from tlie shore of South America, •! found myself 
Burrojanded by peculiar ^ewes of Hrds, 'reptiles, and plants, 
existing nowhere else in w^Hd. ^Yet they nearly all bore 
' an America stamp. In the son^O.f the mockin^thrush, in 
* the liarsh ery of the carriqg^oawk, mt th/3 great candlestick- 
like opunlias, I clearly pep^eived tjie ineighbSurhood' of 
AmeriCa^though tl\p islands were eeparafed by so many miles 
‘ of ocean from the .mainland, stnd clifiered from it in their 
geologtQal constitution and climate. Still mo"re surprisingfif as 
the fact ihat most of the inhabttai;ite of each separate island 
in thk small archipoM^o were ^e6ifically diffprei^t, tljough mqii 
^slosely related* k) each other. The archifelago, with its innu- 
iiieraUe ^crater^^And bare streams of lave, appeared to b^ of 
recent origin ; and thus I faiM)ied myself brought ndar to tho 
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very %6t of c^’eation. * I ctften afked myself how these many 
jjeculiar animjfl^ and plants have been produced # the simplest; 
answer se'imod to be that the inhabij^ants of the Several islandk * 
had d’etfcended^frpm e^ch other^ underg(5»ng m6di§cation in 
the cour^ of/theiY* (fescoot > and that all tlje inhabitants of,. 
,th<J at^hit)e]^gd had desc^i^ded from those of the nea^es^ land, 
namely'AiiK^ca, whence coUdists would natureily have been 
•deviated. , But it .long^remained to jpae an inexplicable pta)blem < 
how the necessary ‘•degre'S of modification could have been 
eiFeptddyVnd it woulA have thus remained for ever, had I not 
-studied domestic productions, and thus acquired a just idea 
of the power of Selection. As s(^n as I ha^ fuWy realized this 
idea, I saw, on reading Malthus oij Population, that Natuih.1 * 
Selection was the inevitable result •of the rapid increase of all ^ 
organic beirl^s ; for I was prepared to appreciate the «tru^le 
for existence by havin^E^ long studied the habits of u^rAmals. * 
(Domestication, voL* L, p. 9j. 

Throughout the <*n tired ogical scheme, the analytic separation 
alrefe-dy insisted on, is an invaluatle help teethe faculties under 
tbe*complications of natural phenorp^na. Taenable us’tS vjew 
separately whatever *can bo separaitely viewed , is the motiv<|* 
for such artificial^ divisions as Structure and Punctioo hi 
biology, Physical Side and Mental Side in ps}?chology, Cfi*der 
and Progress, Theory and Practice in politics, Conservation 
and Collocations in cause and sffept. Description and Exphfpa- 
tion everywhere. ^ • • 

The process of Invention in»the Arts stnd busiaftss ofiJifie, is 
amenable* to the general# rule of keeping the* mind fi*bsh u^on 
the most likely sources. The mc^ie injitating process in jft*ac- 
tical coii^trftctftjns is exactly the same as in the solving of 
geometrical qr other problenjs. Certain* data •are giVen, a* 
certain construction is lipquired ; there is an intervening dhasm 
that has to be bridged. Tlie habit of g,i?alytical separation is , 
of avail in this instaneb also, llie mind should steadily view " 
one poinT at a tinie^ fli^iwinf out connexions *jvith each by . 
f^rns. Thqp, to .take rC simple^gSometrical coustrifction : given 
the vertical angle^ Ihe basft,*aiyi the altitude of a triangloto 
construct it. Now *t4e*»base is given, dnd wd have to follow* 
Hjit the deduefeions and impli(5atiuns of the two oth§r data — • 
altitude and v^rticul with* a view to arrivq at somfe 

,known process that will c©n^.rufct tb© triangle. Xiet us con- 
sider separately .^ha6 the altitude will sy:q;jgest. Now, a 
Certain fixed.- altitude implies, that the apex of the tria^ngle wiU 
lie somewhere* ilk a linp paraflel to the ba|5e*; consequently, if 
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we draw such a parallel, we^limit tiie place of th,f) apex Ao that 
iine. Turn aext to ^the given angle... Considering how to 
erect* upon a given base triangle with a given veriJbical angle, 
we ar§ ren^hded t^^at upon ^be given base ipay be coi/structed 
an arj?, of a circle, such as will contain that angle. ,, The next 
step IS t'O find a means cf constructing the pre^per arc; 'the 
operation c^f discovery^ is exactly the sanj3 ; and bnngs us at 
length to some constructign that we can perform. . We.then 
unite our two threads hitherto followed out in separation.* 
Th^ parallel line first suggested, and die arc next ftihnd out, 
give by their intersection an apex to the deeped triangle, it 
is om‘ previous knowledge that must forge the links of con- 
nexion between what js given and what is^ required ; but the 
analytic habit concentrate's*^ the attention hy turns on each 
dafum^ and e^ch outgoing from it ; and this is probably the 
utmost' that mere art or method- can do for us in constructive 
inventions. 

The uncertainty as to where to look, for .the next opening in 
discovery,, brings the pain of conflict and the debility of 
indecision. ^.This is a q^se fit to be inet by the collective^ 
wisdom of a g^^neration. -There might "at intervals be held a 
efon^ress on the oondition-of-science,.questk\n, to decide, accord- 
ing to all the appearances, what problems should bo next 
taken up. 

Lessons may bo‘ drawn froni^the history of Errors, as well 
as of Truths. All the Fallacies are beacons both in discovery 
and.ifp*proor; Every source of .confusion is an incubus on iu- 
velution.^ More particularly, the excessive devotion to the con- 
crete, and to the artistic jnti"i ests nourished by it, may amount 
to a total disqualification fi)r scientific origin'alit}^ , wjmse very 
existehce is m the domain of abstraction. " , 

Certain widely prevailing tendencies*? of natural phenomena 
have bden indicated of value in prompting discovery. Such 
are the Law of Continuity, and the maxim that Nature works 
by the Simplest Means. Both these' principles are*"un certain 
in their scope ; which, howeten, does not pi;‘eveqt them from 
being used to give suggestions ; it only disqualifies them from 
being conclusive evidence. If w;e ^*rq careful to verify our 
hypotheses, we are at liberty to obtain them from any sourc;^ 
Still, the inind that has become largely conversant with the 
ways ofl pafure will fiiLii many more fruitful sources of sugges-^ 
tiqn than either those principles. 
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I. — lUlSTORICAL EVIDIDNCE. 

Twq Je^ding#brancl!es of^Evidenc%, appj^ed in •practical life* 
are Legal Evijenee anft Histori^l Evidence. The^tWo depari- 
me^ntf^haVe nywh in <jommon. *The evidence l3otli in cfljprts of 
iaw an^ .in^matters of Milfcoj^j is probable, and approaches to 
certainty by^the ^nnimation of probabilities. 

TJIe fodlowing* aljsiS’act# of Histbrical Evidence represents 
the m/ijjrns in. use anjoiig Ifistorians at the nreseut dav. as 
sunlmarifted by Sir G. C. •Lewis. 

• 

The object of History is the recital of fdcts-^of events tfiat 
have actually occurred. 

In the cajjiB of contemporary histoi*y, the writer may^ Do at)le 
to rel}^ upon his own. observations, or upon original cit>'»hrneuts 
obtained from autlientic sources. Personal knowledge was 
the basis of much Xenophon’s Anabasis, Polybiuf-^ History, 
Cse^ar’s Gaelic Wlir, and Lord Clarendcna’s History of the 
Rebellion. But the greater p^’t even of contemporary* history 
must repose on the evidence of wit^sses. ^ ^ 

To a historian, not himself cognizant of thd fevenls he^na^- 
rates, the sources fTf infoTmation fall under one or»othir of 
two classes : — (1) Monuments, ruins, coins, and generally all 
ancient remains ; and (2) the^cvidence oJ^Witnesses. Fjrom 
the former exclusively i« derived* whatever we know of the 
pre-historic age ; in the same, way as g/5ology buil^n in- 
ferences drawn from fossils and the nature and posmd» of 
WDcks. It is only with regard to history resting upon thew,tes- 
timony of witnesses that rules oftiTBforical evidence apply. • 

•Two pbints dtoand the notice of one aeeking^to verify any^ 
alleged historical fact. (1) Does the evidence of the witness 
^xist in an authentic sBape ancl^ (2) Iig it true P The first 
regards the accuracy wherewith»the evidence has been trans- 
mitted tc-^Us ; the secj^r^, tl|^ worth of tlfe ewidence^ itsejf. 
The me%ns of knowledge of the witnesses, th^, goodness of 
their memoty, thmr# judgnieiflt, their general veracity, ./tlieir 
special interests,-iaje aJJ to be bonsidertd. This l#»e*historian 
has ip common with a* jflry or, a judge? except that he has to, 
fifeal with men long since dead, and whose characte^ there is 
mortf or less* difficulty in* ascertaining^ What forms "the pecu- 
liar subj^ict- matter, of pules* of* historical evidence is ndt there- 
fore the worth of 'the evidence, but*the accjpiacy id its trans- 
mission., • * • 

The sunreme. canon bf hisBorical evidence is that all testn- 
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THonj must be contemporary^ or receiv'ed direqt^y or tRVongh 
trurtworthjr Va«dition, from contemporar es. ‘ Whenever any 
event is related in bistofies written alter the tiirie,, and not 
jwowedly*- founded*^ on contcmpoiW^ ^testipony, the proper 
mode^f testing nts histdrical 'creMibility ,is to enquire whether 
it can 'be traced up td a oohten^porrTy source. lathis cahnct 
be done, we \nust be rtble to raise a presumptiba that those 
who transmitted it to us ‘In writii;*^ ¥3(jei^d it, directly^ or , 
through .a ^trustworthy traditioti, fropi* coiitempor^i^y testi- 
mony. If neither of these conditions can be fulfilled,- the 
event must be^ considered as^indurably unoeffciin, and beyond 
th'fe reacK bf eur «actuar knowledge.’ (Lewis’s Methods of 
Politics, L 270.) '' . • 

This' rule is universally recognized as inclusive; whatever 
is osta}itish*‘d*“by such testimony is credible. There is not, 
however, the same unanimity, tn admittiiig it as exclusive; or that 
whatever; is not authenticated by external evidence is uncer- 
tain. A stringent application of the tule rfiakes such havoc of 
ancient, history, that many learned men have been tempted to 
exe^*oise their ’ ingenuity i/n ' trying to^pick out of the masS of < 
^adition* some '^certain indications of the true course of events. 
The^same impulse that first led to-' the iifv’ention of fabulous 
history — an inability to rest content with a background of 
historical ignorancje —now rqisleads critics and historians. 
They expect by a species of hVstorioal divination to strip off* 
the false additions .to the ancient stories — to sift from the 
fablb^d^ grains of genuine factt Yet it would seen? as if the 
utrapst that could be gained would be that the event rnojj have 
happened as supposed. Tvr* prove that the eypnt did happen, 
nothing can^niake ,np for the want of extoi’iial attestation, 
internal improbability may enable us to doubt or disbeliere 
an alleged fact; internal probability c^^nnotlissure us that the 
fact was as alleged;* the only decisive,, evidence is the testi- 
mony of credijile >/itn esses. , 

' The' difference between the|m1)ernal aJaCl the external stand- 
ards of evidence appears remarkably in the Results 'of their ap- 
plication." %Sir G. C., Lewis, v*efusing to aJ^mit internal con- 
sistency or plausibility as a warfaiSt for belief, rejects the 
^.ccepted' History of Rome down to the war with PyrrhuoJ 
Niebuhr, on the other hand, divides this period into three 
parts that, in his opinion, differ greatly ^u historical value.* ' 
The era of Romulus and Numa (80 years) he considers wholly 
fabulus; from Tu?*lus Hostilius to the first- Secessrou of the 
Flebs (179 years) iS mythico-historical, a twilight of fable 
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andllct; frodj^^the Secession the Plebs to the, war With 
Pyrrhus ^(213 y*ears) .is sdlid history. ^ It wbuici, perhaps bh 
too mu^hHio c^demi? Niebuhr’s e^orts on*tt j^iori ground#/ 
To what extent licpase of gu^sing mfly be pSrnji^d will 
best be seen wjien'it^has 'beeti .#ried di&erpnt men. I If thfe^ 
irelult shpukl be a gener^j^^concordance of opinion, we’^might * 
reasonably kffer thtot the •afteient narratives, although they 
conceal, •neverthfelessg betray the^ truth. If, howeveTj, this 
method lead to ilrecjncileabl^ and endless diversitj of opinion; 
it i»us^eease to be regarded as valrfhble or trustworthy. 

pvidence ma^be transmitted in two ways, by writing or by 
oral tradition. These may be considered ^epajatejjk , , *. 

The value of a^ written memori£\J cqpsists generafly in this,’ 
that its ci'edibility is not impaireG»by the mere action ef time. 
An English mathematician warned Craig hel(^ that^kll testi-‘ 
mony was enfeebled IJJT mere lapse of time, and tbas'^tbe evi- 
dence of Christianity would at lengtli be reduced to zero. 
Assuming that that evont vrould coincide with the %hd of the 
world, he calculated when the end woald come. Laplace 
adftpts the same viejv, and saj^ tha^ even in spit.Q of jj^rtn^ng, 
the events that are now most certain, will, in the, course 
ages, become doub^ul. Put this must be regarded as an (»rr^r. 
The billy deterioration that a document can sutler t!’om*tnere 
lapse of time is the increased difficulty of weighing the credi- 
bility of the writer. wrifte^i memorfal has none of the 
disadvantage of a statement handed down orally from one. 
person ^o another, and losii% value at each h’^nsraissiyn. 

» Yet the evils of transmissiob are hot wli^lly overcome dven 
with written records. Two doi^ihtgiiay arise, (1) whether the 
writing's ascribed to its real author, and (2) whether it is fi^ee 
From interpolation and mutilation. • • * 

‘In many cases the» original mi^fiiorial is preserved;* as in 
a» 2 lcient inscriptions upon %tone,*brasi^ br other durable ma- 
terial. ^ch are th^ inscriptions, in the prow-headed cha-* 
.'acter, on the ]3^\flonian •bricks, and on Other Assyrian 
nonumente ; hieroglyphic engraved on the remains* of 
Egyptian architgjture ; aha the numerous Greek ^nd* Latin 
inscriptions found hi jdfeerent parts of^Asia Minor, Africa, apd , 
Europe, and belonging to different ages. Ancient coins, with* 
then* legen/iSj.are another* original record of the safpe kind, as, 
w^ell a^histpricgl sculptures or painthjgs, such as the Ijjas-reliefB 
m the column of T&jan, or the Bayeux t^-pestrv. Ancient 
iocumenJSjdykevise, containing the authentic reegrds of 
mpoftant events and^public^acts, are pr(|sA*ved in tOe original 
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in national archives. Such, ff*r instance, is Dora^s^ay-bofcrk, the 
foils of Parliament, court records, charters, and other official 
fogisters and documents }fept in public depositories.-’ (Lewis,. 
I. 201); , / 

' In authenticating boohs and -documents, whqpo safe-keeping 
is nof-^sj^ecially provided fLr, gi'ea^ o^teji experv' 

enced. A more tradition regarding the origin diVa document 
would, be exposed to riearljj all the doujbts tnat attach to- oral 
'tradition. 1 / Hence the importaj^ce of a,fohives, chartularies, 
public libraries, and other .safe plapes of deposit, wftiichoare 
under the care of trustworthy guardians, appointed and cpn- 
tr(;'llfid by public a,uthoriuy.*' The law of ^England requires 
that written documents, before they can be, tendered as evid- 
ence, li3 produced from the proper place of custody. 

The difficulty of ascertaining- the genuineness of ancient 
books^ is forcibly illustrated by the coiAroversy regarding the 
Platonic Dialogues. Until the close of last century, thirty-six 
dialogues' were attributed to Plato on the authority of Thra- 
syllus, whose list dates from about the commencement of the 
Christian ena; As, how,pver, ' Plato ^ digd more than thVee 
'^^undred years before, the 'canon of Thrasyllus stands in need 
of' ccrroboration and support. Mt.\st of ^le German Critica 
allo\f it ’’very little weight, and test each dialogue ' upon 
own evidence, external or internal, but chiefly internal. This 
unavoidably gives i^iuO to great diversify of opinion, and there 
> is little agreement as Jo what ought to be rejected or retained. 
Astj.fliCm’easf sparing critic, leaves only foui'teen out pf thirty- 
six.'’ Mr*. Grote, **00 the other hand^ discards the Germarb 
criticism, and putting stress upon the indications oi 

authorship contained in any reputed dialogue of- Plato, searches 
for mo*re decisive evidence, so far as it can be. got, in the 
historj' of the books inentAned by Thrasyllus. 

, Plato died B.C. 347, apd left his wllrks to the cave of the school 
"continued under iJCenophanes and Sp^usippus. do not 

.posses8*any lii^^ of their master’s \vorks rWing on their autho* 
rity, qiid the (irst solid grouiirf w reach (apa^^t from the few 
incidentally mentioned cr alluifed to by Arisfptle) is an extract 
tfoni the works ‘of the'^^Iraramuticrw Aristophanes, who lived 
at Alexandria from B.C. 260 to'B.C. 184. He comes thus 
c6'ntury ajfer Plato, and nearly two .centuries** before Thra- 
syllus. Jle divided thfe ^^tlialogu^^s into tril^ips, ^nd several 
of these are mentioned by .Diogenes Laertius. They are re* 

S arjsable as* con tallying the names 6f some of^tbe^conjippsitiona 
at ara least acceptable to the duties, aad that would be hard 



\xAirPLIi OF PLATO’S DIALOGUES 


4:^7 


to virijittcate cyi iuternM evltlence. ^ These are Leges, EpinoufTs, 
Minos, Epistol^^, Sopbistesf Polihcus. It wotild l^e interqsti 
ing to kimw what means Aristophanes tad* of distinguishing 
the genuine froA the sjjurioas works, if anjisuch then pxisted. 
For twp ceftturfes after tl^ .death ,of Plato, the *Acftd‘emy 
kfipt u{^aSA phitosophical scl)^ol, wjth an uhbrokS^ suc- 
cession t)f pi^idente. Tife «l!ief treasure of tl^e scfiflol was 
the. A¥orkg of the.^as^er. It canijot 6e too mucB to af^ume 
’ that there was provided a custody for the MS%^. of Plato, 
and^a means of f erifying any alleged works. • Plato is 

better off in thi^j^espect than ^ny of his great contempc/l’anes,, 
Socrates, Demosthenes, Euripide.!, o» Aristppha«e^ , , ^ 

Aristophanes, the Grammaticus,^ was^ head of the^ Alexai?- 
drian Library. He was taught by d!!Jallimachus, who pr^cedpd 
him in the office of Chief Librj^rian. Callimachus is tlwEbauthor 
of the ‘Museum,’ a ^Mieral description ot the Alex;fr\drian 
Library ; and less importantliuthors than Plato, as e.g, Demo- 
critus, are mentioned by*hink. It is then highly prolfable that 
such a library as that of Alexarfdria would contain copies of 
►on€i of the foremost Grgek pbilospnhers. /Lud, , con spidering 
the ease of verificatidn, it is most tikely that* tfie Jjibraftat^ 
would assure hirns^ that his copies were authenti’c. , ^ 
Thtfe were, in the time of Thrasyllus, spurious dialogues. 
Whence came these, and by what criterion did be discard 
them ? If Aristophanes and Tiirp,syllus (t^ho appears also to 
ha^e been connected witfi Alexandria) depended upon tliQ lib- 
rary there, they must be allowed to speffK with ^eat^«^lght ; 
but if they proceeded wholly orpartially uporf intern alb vidcifce, 
they have less claims on our attenjjgj^han the better-equipped 
modern opitAs.^^Mr. Grote supposes that the spurious works 
were made fqf the demand in Greece afcd Asia Minor, and, 
for the library staj’ted Ijy the Kiugj^of Pergamus as a rival to 
tho Alexandrian. ^ * • * ’ . . 

So much for the dfficulty of* settling the real authorship. 
The othe * point to Jpe fieterlained is the freedom of ev^isting 
copies fPonj spiyrious‘ additipnf or omissions, aecidental br 
intentional. * * •* , . • • 

In the first pla^e,* efi^rsb will accidejftally ^redf in, by t^e, 
fi^ere* act of copying. It is* impossible to guarantee strict* 
accuracy in tvjyiscriptipn. .This isl’ecognised in jurfeprudence, 
,and the English law refaseg to adipkb any copy where the 
original *can* be prSdudfed. Bht the.reason 9^ the law does not 
Apply wit]^ the s^e force in history. A vary slight alteri^tJlon 
in a dfSefl migHt sometiines aljer the meanjn^ of it ; and, mor^ 



.428 


HISTORIQAL EVID^INCE. 


oievy tbere is often an expeedingly powerful tempta,tion to 
'i^aiyiper with, deeds. Now, the valije of a copy of MS. • 
^alepends on its accuracy, and the motiv/^s for hilsifyhig history 
are far weaker. It. is therefore considered that the )7brks of 
classitial authors are preserve tp us^ substantially as they were 
when i published. Sijch vjjriations as there are ^o not affect 
the ger.eral qpcuracy of the copies '.that h0,ve reac^hed us. 

‘ In the second place, changes may be made intentionEiJJy, to 
'Suit a puijnose. We are told that Solo.! inserted a verse in* 
the Iliad with a view te confirm the titie of the Atbtnians to 
the possession of Salamis. At f.n early perijd, autheiitic^lists 
or canons of authors and, th<-ir works were prepared to guard 
against deception. Short writings are most easily forged, and 
h^^ce £. there are numberless, forgeries of letters ; but we find 
examples of falsification at greater length in the poems of 
Ossiaiio Bccles^iastical writings contain n;:any forgeries, made for 
the purpose of propagating or confirming. opinion. The motive 
for executing forgeries is often ,to make ^money by arousing 
curiosity ; but in si>ch cases as Ossian, it is merely the pleasure 
of deceiving the world. ^ Literary , forgeries are generally 
detected ^by in4:ernal evic;ence — by inconsistencies, anaohron- * 
imitations of subsequent writers, j|nd other marks of 
recent composition. 

When we have sufficient assurance that a work is both 
authentic and gen4jne, writtef\ by its reputed author, and not 
tampered with in the course of tran^nission, we have still to 
consi^i;,the#v^orth df.. the testii^jony. Besides examining bur 
author^s means of information -wheeler he writes as an eye- 
witness or at second hap^ ^qr at what other remove from eye- 
witnesses — we must enquire into his charactef 'for veracity and 
his motives td depart from the truth. , 

There is often intentior^l, perversiop or §uppfession of the 
truth, especially in Autobiagraph,y, as Cessar's Gallic Wars, 
apd Napoleon^s Memoirs of his Campaigns. Vanity, a love of 
the mqyvelloub, and party spirit^, operate in the sam^ direction. 
There are Catholic and Protestant histories. of the Seforma- 
tiou Whig and Tory histories 6 ^ England^ The accounts of 
modern caiiipaigns and military Qperaticn® ' differ very much 
, according to the side the writer belongs Co. Many inaccui aci^r 
arise frotn not taking the^troublq to investigate the tj*uth. 
History may be blended, with fetjon for a didactic or moral • 
purpose, as in Xenophon *s^Cyrop8Bdia. 

TJie ancient historians departed from stript truth, by intro- 
ducing into their \50rks speeches coipposecl. By themselves. 
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One fodVfch of^tlie hrstory Thu^ydiSes is composed of su^ 
**Bpeeches. Lucfefi tlioijght it a sufficient excuse Ipr introduc-i 
P ing fictitic^]fi speeclies, ^hat they were siiitalile to tfie charac^ 
•ter of this speakBr^and ^ppr£>priate tR the i^ubjeck Pojybius 
is the only.wrijUfer of antiquity^wl*? condemns the pfabtlcjpj'for.i 
h^ sviys? the of the historian ispiot tq astonish the i^ider, 

^ but to rebord^ovhat was aclb^fy done or said. This'opinion 
has .baen £ollow’ed»by modern historiaut?, and the nfanufacturfe' 
*of speeches has therefore leased. ^Phe same thing^ how*ev^p,. 
in subsMftce, is still ^oife, although itttroduced as part of the 
history, namely^ pnterprel5ng^ acts and suggesting motif es.^ 
It is a great, though perhaps not iinci^mmon, crrpr,^tp treat as^ 
history what thus ^wes its origin to^ conjecture.* • * ** 

Aiiother perversion of history tigi mythical history. ^ ‘ T^e 
original autlfor of such a legpiid must, no doubt, be*fit first 
conscious that it is the«pontgbueou*8 product of ffis owntijivGri- 
tion, unattested by any extei*nal evidence. But the fiction is 
suggested by prevailing# ideas and feelings ; it int«i*weaves 
exisfing facts and customs into*its textuiip ; it furnishes an 
^appt-rent support to institulioMS or practices fqr whhik the 
popular mind seeks hn explanatioro; it fills vbid ;whicl! is- 
sensibly felt, and sr^plies food for an appetite ^Iiose demg.n(is 
are at fuice urgent and general. The inventor of such a legend, 
therefore, difiers altogether from the author of & novel or 
romance, who lays before the pflbhc a tale,avowedly fictitious, 
anrj which they accept Ss such/ Examples may be fouyd* in 
Greek mythology, in the fabulpus heroesAjf medi 4 «#val pj^valry, 
ajid in the lives of mediaeval saints. Such legends have a ifse, 
not as describing events, but as thijggj^ig a reflected light oii.the 
cir.cumstfinc?s aijd character of those who invented, believed, and 
, circulated th<im.» The most difficult cfl^se to ihe hiitoriai^ 
is not pure inythology-^but the blq^ing of myth and history, 
which lures men on to seafch for fact, but leaves tliem un- 
able to distinguish it*from fictfon. The history of Greecp, ‘ 
from tbe^rst Olyrmjiad* to fiie Persian war, find of^Iiorne, 
Irom^Tifllup Ho^tilm^ tothePuftic wars, illustrai^s this intdi*- 
mediate period of twilight aAd uncertainty. ^ • , 

The second mo1!Pet)f,ti5ginitnitting evidftiice— Tradition,, 
Sl>ses* credit very rapidly with» the lapse of time. An acccfun^ 
of am event^ di^inifihin^ iy evidentiary value at each remove 
• from the original eye-witnes^i, very #p»n ceases t*0 have dny 
value al all! Tbft hfts always beep more or less rec*bgnized. 
Polybius ^confin§d himself* to what he teamed* from ^e- 
witnedses of the prec^iding generation, thus'bbgins hiS 
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(,pn sec II live history abont^ twenty ycafrs before birth. 
Newton thought that oral' tradit’ou miglit bi * trusted for 80 
ou, 100 year^; apd Volney remarks thjitthe Red Radians hsid 
no accuratQ. tradition of’facts a cpntury old. \ ** ' 

The average value of ot^l tract itibA mky be enhanced in 
various ways. ‘ During the panic caused by the^mutilatiftn of 
the IVl/yrcuries, and the fear of^ tri^Jisonable att^mpte- to esta- 
blish a dei^p'otism, the Athenians recurred* to tHe govermjient 
of Pisistratus' and his sonh, which !iad*b«gun nearly 150 yearS' 
and en(ie£ 100 years before thdt ^ Thucydidesn ilescribes 
the Athenians as referring, entirely by oral tradition, to tho 
attempt by ^ ^H^t ?-t the time 18(1 ‘years old. That 

l^i^eilt had 'hoWevdr created a hereditary curse in the powerful 
family of the Alcmaednid^Cf and the rnemdVy of it was revived 
ac diifjarent times by public acts. The Dies Alliensis, the 
annivers^ary or the fatal battle of the was doubtless kept 

up by uninterrupted usage from B.C. 390.^ Festivals, emblems, 
antiquated offices, serve to fix jjradj lion, and keep alive the 
recollection of events. The hderrcx^ in Rome, who continued to 
be appointed during the Repuljic in the vacancy of the consul- 
ship, was a seminiscence'^T.bf a period of elective kings. The* 
'!piug of the Sacrifices, like the King Archon at Athens, is also 
a decided indication of the regal fieriod. There were^ more- 
over, many buildings, monuments, and public places in Rome 
associated with tb^ names of«»Jcings. The existence of laws, 
like the Twelve Tables, inscribed on tnetal or stone, may serve 
to perpetuate a corn^ct oral tradition. 

jElifbih, 9 , the author of- a work on the early Roman^Constitu- 
tioi?,, has laid down some rules on this subject. He divides 
oral tradition into two cfiii^^a, one referring to »i>}ie‘«onstitution, 
and tt^e religious and civil institutions connected with it, the 
'other; embracing the more ^common material of history, wars, 
negotiatfions, and thf^ striki^ig ev^ts that give interest to 4ihe 
history of Rome. This last Kalone wa»^ committed to the ex- 
clusive keeping of oral tradition, and!, was much iliore liable 
tc error and ^uncertainty thau the traditfloue relating to the 
constitution. To some extent, 'Constitution al usage implies a 
knbwledge^jf pjrecedehts. Sdch info^matiCu in all probability 
duisted at the beginiiing of t|;^e Hecohd Punic war ; but 
plight no,t reach far back without the help of doouu^ents. 
There is tia reason to pu^nposp that|.acchrate knowledge would 
have goue back beyond a century. It is net possible 'to draw 
any broad kne between constitutiQnal history, and the commou 
<3vehts of history , ^e could not discuss the chaiiges-in the 
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Engli^li Oonstitatioll during the seveAteenth century, withgiat 
a knowledge V^he events fcliat gAve birth to them. ‘ ^ 

• There ^s^one casA wl^ere oral transmission makgs sfn approAq^ 
rto thh value of >ransmisaion^ by writhig. .Tins happens when 
the memory ia a^istdc? apd ch|Aked by a set form of ^ords^ 
espacid,lly* if fhfe form be metrical. CoBsar tells, us tB^t the 
seoi'ets ©f tfi% I)rui^ical A'|ligion were contained in* ^ great 
nuipber of versee^ in committing whi»h to metnory a druid 
would spend twehtji ^ear« of his •life. In like manntfr, th^ 
Iliad afl?;k Odyssey perptibuated by a race of ifryfessio’nal 

Reciters and rhapsodists. 

• *• 

K. — EXPURGATION OF SOME LQGICAL TERMS?. 

The tol lowing term^ not oeing aeemea esgoitiai^tf^ any ot 
the important doct);ines ofjLogic, may not have been*mad© 
fully understood in the jp’evipus exposition. As they^occasion- 
ally»occur in logical discussions; short e^lanations ot‘ them 
are^ere appended. , * • * 

Argument is used^in several different senses. »‘A^art f^om 
iks more popular significations, a disputation, a* chain of reaf* 
Boning, and even a chain 5f events (the argument of* a {)5ay\ 
its meaning is not fixed and uniform among logicians. Some 
apply it to an entire syllogism ^apremises a^d conclusion, some 
to the premises only as^the grouhds of tte conclusion, while 
Hamilton maintains that its. proper m/5aning the niiddle 
notion irfa reasoning, — ‘ what. is assumed to»argne 8c»he?h'i|ig.* 
So Mansel holds that the word should be applied only to 
the Middle ffeiAn. 

'CategobematJj. — A distinction is drawn betwf^en wor^is that 
^an stand alone gs subject of pr^icate of a propositijon, a5 
mg<n, stone (CategorematicJ ; and worda that can stand only 
in company with other words, as all, ncTne (/S^yncategorematic). * 
Dictum*db OMNI ET iftjliLO.-ifThis applies direcibly to the First 
Figure ©lone, k* ifij^nsual to give similar principles *for tiie * 
other Figures, ana among Ikese we may notice the dicta^iven 
by Mr. Mansel iiMiis inite^on Aldriclf (p. 86), 

} ‘ Principle of second figure, Dictunf de IHverso, If a *c^ 

iain, attribute can be predicated (affirmatively or negativelyj 
of every mAmt^r of a oJeisq, any.subj^cj of which it •cannot* be ' 
80 predlcatfid, does net belong to the class, • 

» ‘ Principlps of .third figuye. I. *Dictum^de extmplo. k a 
oertaio ’aiftr ibbte can l)e affirmed of any portion of fh^ member 
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f ' . ' , 

of a class, is not iiicoirtpatible with the^d-istintjtive attributeB 
9 f that class. II. Dicium d& except. If a cieiffain attribute 
, 0 ^ be detiied.^ of any portion of the members of a oVss, it is’* 
not insepara\ile fro^ the distinctive attributes^of thatolaoS.’ 

^ ENT£iYJVfrEME. — A syllogism^^ with pufe • of ..'Its ..premises sup- 
press(j|ii. ill the enunciation. ' Hamilton argues againct iho 
prominence given to Enth^menpe aj) division sjillogism^, 
on the groufiU that they are not a special fqrin df reasoning*,. 
Jbut olily an eUiptical mode of expression. . He also shows 
(what is ^Tiie more elaborately by Mr.^Mansel-) that Aristotle 
understood by Enthymeme not am elliptical syllogism, ’but 
* a syllogism from signs and, likelihoods/ or h* syllogism with 
tht; majov/pheiirise Only probable. 

Ignava Ratio or Sopliisilt^ pigrum is the ‘■master fallacy of 
Filtalii^m. It might be ciassed with fallacies of hSon-observa- 
tioB. jTlie Fai ajist argues that," if a y)ing must happen, it 
will happen whether he interfere or no ; overlooking that his 
own agegny is one of the co-operating causes. 

Intuitive — Svmuolical. — We oi'ten employ words and sym- 
bols vrithout fully realizing their meaning. This Leibmtz 
calhid Symbolical' as distinguished from Intuitive, Knowledge, 
as and" sensations fully realized in consciousness. We can 
coucjjive . a yard, a mile, or even Hen of twenty milps, in 
the full reality of the extent ; but of the distance between the 
earth and the moon^ the sun, o»^one of the fixed stars, we have 
no ‘•proper conception; v/e 'may, however, express such dis- 
' tances in fig^ires, wlM(jh are int^ligible as such. This woiild 
be ^/synfpolical conception. .. *» 

!M,oi)ALS. — (See Part I., p. 99). The opposition of Pro- 
positions has been appliefH^ Modals, in the following state- 
ments., V « I \ 

' If the matter be necessainii^ all’ affirmatives must be true, and^ 
all negatives false, , V ^ * 

' If the matter be impossible , negatives must be true, and 
afl affirmatives miUst be /a?5e. ^ ♦’V, « 

.If the mattm* be contingent, »11 particMu ijgust be kue, and 
sM uimer sals false, ^ ‘ 

Here the reaping of * necefisary * is no t^ore than univer- 
'sAily true, as all men ai^e mortal, alt Aatter grayitates. ‘ Ini*,^ 
possible’ 'is universally false ; all men are gods. ‘Contin- 
gent’ meaVjs partly true ^nd partly )alfed; Some mbn are wise. 

Pobfepiry’s Tree. — This is a tabular arrangement Showing 
different grades df, generality. T^e example chosen rangea 
froni the E;utnmum(g^nuBSt4&«fanc0, to theindgua'spdcieSiMan^ 
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Ending vnth tw6 indtTiidaalc. It paa/be exhibited thuf?, iil^a 
^ form better dds^vibed by the Greek name, Porphyry*^ Ladiief* 

, - ^ubatfTice * 

£Jorpojiii?al rncorjareab 

(BSdy) , - 

.Aninf&lbe^ • Inanimate 
•(Living Body) • 

Sensitive* * Insensitive 
(AninuJI)# * 

Jtiational Irrationg,! 

(Man) -• 

Socrates Plato 

PuEDESiGN.vrE is a term applied by Hamilton to propcwtions, 
^ having their quantity ^presse3[ b^ one of the»sj!^ns of '•quan- 
tity, All, None, &c. /rEe contrasVing term is Freindesignate. 
^ The terms commoulv use^ in logic are Definite^ Indejmite. 

Simple Apprehension is denned by What^jly as * the opera* 
f tion of the mind by which wq mentally perceivp 6r form a 
*'iioti(Jn of any object.* •• It* is the sambas Percepjiidh, '^herefiy 
..we know things in the actual or concrete — a hbu-se, a tr,eei 
By another faculty, dSsignated Abstraction, we conceive things 
in the general. * 

Sufficient Reason. — Under this title Leibnitz stated the 
law of Causality, Every(jiiing tnaf exists must have a * si^fli- 
cieni reason * for its existence. .The attempt has l^n ipa^e^to 
prove certain truths, such as tEe law of perse verance^of ura- 
foimi motion in a straight line, on the* ground that no su$- 
cient reason '*an •be given why a flOBy should either lose its 
velocity of deviat® to one side or the other.*. The same line of 
yemark has beeh used with the principle of virtual velocities. 

* -SoPHiSMA PoLYZBTESEoS an^ SoPiiiSMA Heterozetesegs are 
two ingenious Greek Sophisms. • The “first was alluded to, 
under Definition. Choosing a v|ord having a doubtful mj^rgin. 
of application, the ^p4!i«t asks whether it applies fo such and' 
such a case, ahd g5e^ on puttip^the question to one contigubu^ 
case after another, imfil hq hao dr&wn the responded^ palpably^ 
beyond the rangp of the* word, i%hen he demands the differende 
bextveen the last case admitted and -the first refused;* Such 
words as 7iea;^t &c., k^e §uitabje : tjie^ sophist asl^s—Wa^ 
jt’a calf te^day, willat be a calf^o- morrow, next day, ifiad so 
on,; the respondent cannot say on what day M^t* cease!5 to be 
calf, and.beebmds jlC heifer. The Heferozef^ekos (Sdpllism 
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Phrelevani Qu^tion) decbys p. person inijo^'com'mitfcingt himself 
by a oatieg^rioal answer — HavQ. you cast ^ypbr boras ?— If 
'j-oU answer, .T ha,ve it is rejoined, then you have l^idd horns*, 
if you answer, I hare nd;, it is rejoined, Then yon ng vo theni 
ctillV ’ 
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ABS'niACr^N, allied to Analyifts, ii., 399 
Abstract laeas, dispute regardinj^, i., g 
Abstract name, conltftetion of genera- 
lizing prooessi i., 52 
value and abuse of. i., 63 
AccidenSf i., 76 • 

AccidentiSf fall^da, i., 276 
Activity, a source of fallacies, ii., 377* 
Adjectives, connotative, beii% geuera* 
lized names, i., 49 • * 

AHquivocatio, i., 276 
A dicto secundum ^id ad %icUiPh% 
♦ simpUciterf i , 277,ii., 372, 394 
Aesthetic emotions, a source of f^lacy, < 
Aii.,383. •. • 

A dicto simpUciter ad dictum- secun- 
^ dum quid-t i., 276 
Affiuit^j^ chemical, dehnea, ii , 243 
maximum of, ii , 187 
in Mineralogy, ii., 294 
in Botany, ii., 302 
in Zoology, ii , 310 •* 

jn diseases, ii., 366 , 

A /ortiori, i., 164 • 

Agreement, Intellectual property of, 
* i.,3 


the basis of UeasQ^iug, i., 8 
basis of D^'finttion.^i , 156 
defines the limits 4)f Explanation, 
ii,121 •* 

etated in classificatioti, ii., 192 
in^'he arrangement of chemical ele- 
ments, ii.,^ 246 * 

statement of; in Mineralog/, •i.,2994 
in Botany, ii., 305 • ^ " 

* in^dolbgy^ii., 3JjJ | 

in diieases, ii., 366 , * • • 

Method of, ii., 49 i» , # 

fundament^ maxim or, ii.,48* 

* in Biology, ii., ^70 

* * in Politics, ii., 335 

inl&iedicin^ u 7360 ' * * 

frustrated by plurality of caus'es. 

ii.,7S • 

protected against* plurality pf 
causes, fii*,' 79 »* 


Agreement, an aid to Disooveri, ii, 
418 • • 

^in Absence, basis^f, ii^ 49 
Universal, ifce sole e^<?vice for ijj« 

* dugtivo truths, ii., 7^ 

4he test of uniform co-existince,#)., 

proof of conoo^i'«.nt proiprties m 
• Natural kinds, ii., 1*6 * 

the solo Inductive Method, ii.^ 47 
fundamental mode of Pmidf, ii., 1*14 
Algebra, notions of, ii., 202 
account of,B., 213 
highest opera^on ctf,.ii., 2f5'* 
Algobilaic Geometry,* hoUons of/ ii«f . 
202 • • . * ^ 
account of, ii., 218 • ^ 

All, two meanings disting^iishdd by 
De Morgan, i., 187 
Ambiguity of terms, ii., 372, 386 
%n^hiboliaf kf 276 * , 

Analysis, Chemical, ii., 897 • 


Logical, ^ 398 
allied to Abst] 






bstmction, i., ^ 

^plied to Induction, u.,''400 
Gramta iatical, ii., 400 *• 

dffKfCal, ii., 400 
Mathematical, ii., 491 
preliminarwto climfbatioD, ii., 42 
in^8yoholo§:y, ii., 281* 
in* Society, ii., 340 
eSnform^d to rules ot division, ii., 
* 197 , , 

an aid to Discover^, ii., 421 , 
judgment, 14 76 . 

Analogy, as a form of Inference, ii., 

143 , . * • 

* does not amount to F/oof, ii., 143 
examploB of, ii., 145 / ** 

Analogies, false, ii.| 142, 894 
Anaioncal Hypotheses, u.\l47 ' 
Anim^aaiyd Plants contrasted, ii., 265 
Aiiteceaencet invariable, nJb causa- 
.tion, if., 86* ^ 

causal nsi^lO oomplieiite^ li.i 
Apprehension^ imiplei ii , AM 
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A<^proxinis^ Generalization ii*»^35 Caiculus,^tconn<tof, ii., 21^^ 

, probability of stated in ntvnbersf ii., Canons of SylWisil., i., 1496, 

■ JSti 'r ^ liccording ^o Ha\nilton, i., 161 

S' Abw brought •‘ueaiv 2 r certainty, ii., special for each Figur<ri i., 159 

138 « , •• Canons, special, derived f«onx Ax4i»’>'^ 

open to zopbistry, if;, 139 < i.,16i3 , • ’ 

A if applied to knowledge, i., 10 #Cat6gorematic, ii.,* ^31 , ' 

Arg^ii^^nt, ii.,’ 431 , , ^ Categorietj, of, Apsl^otle, i., 2/53 r 

Aristotslfau contrasted with Baconiac^ Ca' tfgorical ImperatiVe, •meaningless, 
logic, i,U44 ^ V ii., l46 ** 

Aritlynetic, deti^itions of, ii., ^3 vdau8ati(jn, lait; of, i., 20,^226 , . 

• nltimate itatious of, ii., 204 lAiiformKies of, as a branch of Logic; 

account of ii., 212 , * ^*.,1) . - . 

proof in, ii.> 213 lajw of, expressed, ii., If ' 

Associations, a source of fallacy, ii , i obverse denie^^, ii., 16 
385, ^ f t ^ three aspects of, ii., 17 

^strononvy, its* plafte among the practically viewed, ii., 17 

Sciences, i., 232/ 23& » scientific, ijh, 19 

Av6rag3s, ii., 91 c ** fallacy of, ii., 20 

Axiom ,Qf Syllogism, various forms as Conservation of*' Force, ii. 21 

• discussedfi, 166 • ' as an instrument of elimination., ii., 

motor of, in experience, i., 169 * 4o 

Hamilton’s forms, i., 160 * unfolded* in three maxims of elimii 

as giveir by Thomson, i., 161 , , nation, ii., 47 

as given by Do Morgan, i.t 162 • induction bf, ii., 113 , 

not derivable frorai* the * Laws of rests on Agreement alone, ii., 116 

* Thoug)ii/ i., jl62 , « as ^n Empirical law, ii., 115 f 

Axioms, ijatuib of, i., 224 V discrintflhatod from Co-existence, ii.! 

requisites of,*l.*, 224 61 

* only two Mathematical, i., 224 iV)tdi8ti»f:uishod from Co-existence, 

of Ind&ctive origin, i., 225 ii., 404 e 

* ^ propositions of, in Biology, ii., 267 

Bacon, contributions to inductiye in rolitics, ii., 826, 334 
, ' methods, ii., 4(^ • ‘ contradiction of, incredible, ii., 149 

Belh^f, the nature of, i., 12 Cause, an alleged intuition, i., 11 

inherently ^77 • to be sought among the antecedent 

Jifi,# ofji^plains initense convictions/ circumstances, ii.^ 37 

i., 225 riot* proved by invariable ant^ce* 

Biology, scope of, ii. 258 dence, ii., 38 

divisions of, ii., 262 the invariable ante- 

notions ofjJiJ., 264 . cedent, iJ., 38 * 

proposition s* of, ii., 2o6 material, forlnal,. efficient, final, ii « 

conservation cf Force in, ii.,^68 18 , ^ * 

Empirical laws in, ii.,, 268 , Causes; composition of, ii., 88 

logical mothods^of, ii., a70 , ^ combjnation of, ii., 97 * 

> Hypotheses of, ii., 272 real,^ii., 129 

. as bi^sis of Medioirw, ii., '347 I Gbanbei computation^of, a resource 
Body, sv.bstaude of, i.r262 » un^r ^intermixture of^Effbetsj 

Bodi7andMind,ii., 127, 146, 276 - ii.,§3»* « 

Bot^y, arrangement of clviracters ip, * ’coincidence explained, ii., 85 
..ii., 30ii • * • ♦^prircipla (fPcomi)utation, ii., 86 

^ vnaxiraum of aflinity in, ti., 302 apfilicfiible where other methods failj 

grades*^u, ii., 304 ^ * ii., 86 V # ^ 

agreement and difference in, if., 306 romh^ine*! witb,law, ii., 89 « 

■ peculiarit;^ in exhibitiqfi f»f differ- J ,sub*mergi«g a small uniformity, ih, 
. eiices, ii. 306 * d 8^ r * * • 

^ index in, 308 « * • . in Biology, ii., 271 

, - ’ - r . in Psyebedogy. ii.> 2^ ^ ^ • 

CALOULrib, notions c?rV ji., 202 ’ ^ * in Mpdicine,,ii., 362 * • ♦ 
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Chance, 


^imiiiatlyn*o1 
)very, ii., 4J.^ 


of, an Jid to Ms- 


Character, Science of, based nn Psy- 
* cholo^V! ii., 286 • 

“^'flenierit&'of, ii., 208 • 

^ affected by CojQ0etVati6ti/ii.,j288 
influences an, ii.»,^ 289 ^ ' 

• iior cliitesifiedfUke ‘Natural History, 

11., ^ • 

* -peculiarities ot, ii., 2fil 

hutua^i, iniPolitics, ii., 3^6) ^ 

Characters, descriptive, seauence of, 

11., ‘T^ • ^ o 

• iS Cheiftistry, ii., 248 > 

* in Mineralogy, n."? 293 
in Botany, ii., 301 

in Zoology, ii., 308 

Chemical force, conservation of, ii., 25 
combination, ^ot a union of forces, 

11., 40 , 

defined by contrast, ii.; |p3 ^ 

Chemistry, fundament^ fact of, ii., 
242 

propositions of, ii., 24^ • • 

arrangement and methods of, ii., 244 
elements of classified, ii., 244 
de%riptive method of, iv^24^ 
agreement and difterence in, ii., 253 
empirical laws in, ii., 254 
law of Conservation iii?\i., 264# 
hypotneses in, ii., 255 
nomenclature of, ii., 256 
notation of, ii., 257 
Class, two meanings of, defin^e and 
,, indefinite, i., 60 

Classification, golden rule of, ii., 153/1 
186 • 

^Methods of, ii., 184 * 

descriptive characters in, ii., 184 
grades of^ii.,^188^* 
terininatos with Sj^ecies, ii., 190 
statement of -agreements and dif- 
^ • ferences in, ii. 102 » 

Index, ii. 194 j 

of Characters, ii. 290 • 

Sciences of«^ii., 292 • » 

an ^d to Discovery, ii., 
fKi-existenoe, qpe of^*tt^ IBree Uni- 


j,^e of •th( 
versal fredicateg, h, 103 
as Order in !Place, i. J03 ^ 

as Co-inherence pf. AUijjbtUeq i., 
*104 a 

uniformities oi^ a3 a branch of Lo- 
•gic, ii., 9*13?" • * ♦ • 

► induction of, ii., 11 * • • 

proof of by tlniVerikl A^eemenlj 

proposition (ff,»in Biology, ii., 266 

in WnfifiAQ- ii SPft » 


Coiexisfence, and Succession, common 
* to ^subject and, object experi-j 
ence,*!., 258 ' * 

Collective names?, siughlar or. gcmeralj^ 
r.,48 

Colligation of Facts, ii., 4W ’ , . 
dollocati:Q>n of Circumstance^ft., 21 
decrees o5 complexity, ii., 

» ellipticnlly spoken of as tiu Cause, 

as Potential Energy, ii., 34 
the effect of expended ^roe, ii., 81^ 
in PoMtics, ii., 334 ^ . 

Colony, example of positive dei^nition, 

11., 158 

Cefloux^ not in|rin8i( ally c^ject^ve, 

259 

Complex Propositions, how far matter 
^ * of Logic, i., 85 * > 

Complications of Cause and Effect^ 
*21., 41 , ^ , i • 

Ctmpositionis et JHvisioms, fcSLlaeia 

1., 276 

Comprehonsipn, i., 50 ♦ 

^practically :q;iore important than ex- 
tension, ii., 103 • . 

Hamilton’s syUogis^ in, criticized, 
180 ^ , 
Conceptualism, i., <f • • 

Concept, formation of, ii., y>3 
Conception, formal, i., 243 * 

Concomitance, discover^ of laws of, 
» ii., 189^, 

ill Zoology* ii., 309 • 

Concomitant, a predicable, i., 76 
separable ftud insef»«rablg, i^7J 
Variations, iij^ 62 ^ 

fuiglamental maxim of, ii., 48 
•^il4errapted by critical pointSy xi., 
64i 

as a means of su^^estion^., 64 
tables ofitor Discovery, ii., 66 » 

.muder intermixture bf effects, li., 

> 83 - 

t : in, Biology, ii., 270 
in Politics, .ii., 8^7 
in Medicine, ii., 361 
Concrete names, i., 04 
Conditional Propositions, i., on ^ 

> SyUogisra, involves no iaferehed, i., 
117^ ✓ 

Confusion, fallacies of, ii., 372, 886 
Consciousness, ii., 277 r* / 

testimony of, i., 267 * o 
Oonnot3ifibn, of General Names, i., 49 
Conservation of Force, law itated, ii., 

pr2ihiSers^me^m,n.t,4..% 

oTrklninfkn.Tii.. 2(). 22 
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C?>hsei vatipu, evidence of, ii., 114 ^ 

% lias same pr^f as Causatbn, ii.', 36 
i\ot an (i*'pHorl conception, ii., 37 
in Chemistry,' ii., 2&4 ^ 

in Biol og\% ii., 268 r' 

, i’l McdicmA, ii., 359 * 

mi^liire-diBtribntion, ii., 230 
ill Cnargi<cter, ii., 288 ' ^ « 

Coii.sistrlicy, Principle of, i., 14, 108,*i 
247, 27t « ' 

Conti^aity, extersion of numds 
* • throul[y, ii., 173 
Continuity; law of, empirical, ii-, 108 
•a lu'lp to Discovery, ii., 413, 422 
Continuous Comparison, ii., 65 
Ci^ntradiclmn^ pi\ucipl^^ of, i., 16 
O-Jiitradiclfery, propositions, i., 93 
misapplication of the nanie, i*,\9^ 
CdlitraAes, expression of made^ precise 
bjf'De Morgan, i., 56 , 

basig IVf «De MoiVan’s additions fo 
syllogism, i., 184 
Contrary, propositions, i., 92 
Contrast, ifi defining, ii., 155 ^ 

animals with plants, v., 265 
exhibition bf in Chemistry, ii,, 253 
Coi^ersion^ Sip(*ple, t, 113 i * 

Fallacies»of, mi4 ' 

|by ^-limitation, per accidens, i., 114 
obv^?rte(^ or by Negation, or Contra- 
positiopi i., 116 
Copula, i., 44 

meanings of, i., 182 ^ 

Correlative names, i., 65 * 

Corretation of Forces, sea Conserva- 

Credibilityf ' consistency with l)roved 
inductions, ii., 149 * 

Crystallization, an example of 3- 

meut, ii., 54 

explanation ol confirii^d by Joint 

* Jdetbo^ ii., 61 ^ 

Carves, method of, ii., 418, 420 ^ 

• • % 

D^eduction, first piinoi^eshf, i., 17* 
‘explained, i., 4(i « 

^hy placed before Induotion and 
Definition^ i.,41 • 

lawrf,.of, i., 247 

as*'genersCl pii^suxpption, ii.f 54 

* ^Jnyolves observation of fa^jbs, ii., 96 
, two stages of complexity, li., 97 

t simple, extension of a law, ii., 9^ 
combination, of causes, ii., 99 
fallacie%of, ii., 895 ^ * 

Deductive Method, throe requisites of, 
• ii., 95 t ^ V 
ih Psythology, ii.^.283 
in Politics, ii., 337 ^ 


Defluctivc^ &ethoct,,iu Medicine, ti., 
• 362 V 

aloif4', in^uficient in^Politiqs, iit, 

•Scieimes, how fcbnstituted,^i., fife 
Defiijitionj as* Verbal predication, i., 71 
^ exhaustive aud'tvfiexhdustive, i., 71» 
72 *' f. ** 1. * 

eliplained^.i., 88, i*, 16l * 
fuiidamentaii of, ii., 165 
P^l^sitii^ Method of, ^.,*"166 * 

^ margin w transition, ii., 160 
Negative Method of, ii.|*l62 
detluctive, ii., 165 

* the language 5^ ii., 165 
by synonyms, ii., 166 

per genus et dijferentiam, i., 74, ii., 
166 * 

by Analysis, ii., 16^ 

» notions not susceptible of, ii., 168^ 

, mixed# With Real predication, ii., 

. 352,^57 

fallacies of, ii., 396 
‘neglected by Whewell, ii., 412 
ail aid to Discovery, ii., 419 * 

De Morgan, divisions of Terms, i., 51 
oif‘ Positive and Negative names, 

i., 66 

enumerg|tion of Propositions, i., 90 
additions to syllogism, i.,^182 
Demonstration, based on Induction, 

1., 219 

Denotation, of General Names, i., 49 
Derivative laws, ii., 104 

various kinds of, ii., 104 #, 

limited application of, ii., 106 
of wider application tnan Empiri- 
cal, ii., 112 
in Politics^ ij^, 33^ 

Description, of cl^emicdl bqdies, u.,.248 
not to be mi^d with explanation, 

11., 263, 854 *' 

DescripiCve terfninology, ii., 177 
fharacters, sequence of, ii., 184* 
DevelopnSent hypothesis, ii., 272 
^ew, I'd^earch on, afi» example of 
elimi^tion, ii., 68 « 

Dictum dfe* NuUo, i,, 166 ^ ^ 

Urferencp, *MVtliod of, fundamental 
axim^itf, ii., 48 
,te!ii&ii.,67 
i> where incniBitive^., 59 
in Pqlitjcs, ii..'8cS 
^in Ml^icine, ir.‘, 331 

• ** exhibitioh of in Cl^emi^/ry, ii., J53 
Differences, statement of, in olassilica.- 

^ tion, ii., 192, 2^ 

' in Bo<»ny,‘'ii., SOo t 
c difficult in Botany, ii., 306 
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Diderencesy siateiiient Zociog^y, 
ia», 813 « . 

^ in DiiuiaseSf l&VS6{> • . * 

Differentia\i\f 78 | , 

source ^ fallacies, ii., 8^ 
D'Jemina, i., 121 ^ # * t 

Discovery, Art of, ^i., 413 • * 

. distinguished ir^m^ Prfiof by Mill, 
•, iip4pl3*' • 

three aids toj^i., 96 ^ 

' secondary in Logic, 4i., 92 
Disease, definition o£> ii.,»345 
DisjunoAive Propositions,'^., fi6 ** 

Disjtinctddn Syllogism, involves po in- 
• fereuce, i., 119** ^ » 

Division, an aspect of classification, 

ii., 195 

rules of, ii., 196 t 
a mode of grades, ii., 197 
fails with undefined classes, ii., 198 
Documents, invalidated by two doubti, 

ii., 425 ^ 

» ^ 

Efficient Cause, ii., 18 » ^ 

Eleatrioity, Conservatidn of Force m, 

ii., 27 

dliaracters and branches of,*ii., 238* 
Elimination, of Cause a::f<l Effect, ii., 
41 

weapons of, ii., 46 •• . 

is PA)of, ii., 49 
of chance, ii., 84 

Empirical laws, explained, ii., 103 ^ 

various kinds of, ii., 104 _ • 

criteria of, ii., 106 
• limited application of, ii., 106 • 

estabUahea by Universal Agre#; 

xnent, ii., 7 • ^ ^ 

more precarious than derivative, 

ii., 112« •• 

in Chjlmistry, ff., 254 
in Bi6logy,jti., 868 
in Psychology, ii 284 
^ in Politics, ii., 33S 
Eiithymeme, ii., 432 ^ • 

Equality, uniformities of, a| a branch' 
of Lcfjic, ii., 9 • * • 

fiquftlitv and ineqq^it^ one of the i 
three Univefbal gifedicates, t., 
103 • 


E^steAlce, means Object and Sulybclb 
• i^discrimiqately, ii;, 890 
Experience, the souile knowledge,. 


'indicates, 

• • 


Equivalence of propd91teons,4., 

* Equwalent term|, as an fLidr to Di|- 

* • oovery, ii., 417 
Essential attjil^u^es, i.,*74| ^ • 

predication, in Psyciiology, ii* 279 
Excluded Middle, ^rinciplp of, i., 1> 
Exclusion, Bacon's process of, ii., 404 

* £xiatence,^as no real opposite, ^ 59 

propoditions of elliptical* i., 107 


the® proof, of the - Axiom of the 
» §,UogAm,i., 1%9,£26' 

»• the pyoof of Oayisation, i., JBO • 
Exnerimeqjb, advantages of, it% 43 
in Biology, ii., 270 ’ ^ 

in Poljfics, ii., 333» 

Ex^rimental Methods, apply.ouly to . 
Cause and E'ffeqJ:oii., 10' , . 

dq^uctive, iu char^tqp, U., 47, llfi 
explained, ii., 49 ^ 

examples of, ii., 67 * 

. lustration of, 7^,82, 83 
in Psychology! ii ,*233 * 

^lin Politics, ii., 842, 335 
} • ii:^ Medicine, ii., 360 ^ 

how far anticipated Bacon,.* 
* ii., 403, 406 ^ j. 

» given by Herschel, ii*. 41ft 
neglected by Whewell, ii., 412 
Experimentimi cruciSf u. 0 l 8 b > 
Explanation of Nature, a joiut effect 
ii., 117 

^ intermediate links, ii.j, 
Ahsumption of Jhwsi^u., 119^ _ ^ 

limits of, ii., lai . ' 
fallacious, ii., 124 
Extension, i., 50 

fundamental propert^of the Object,. 

, i., 259^ 

Evidence, aftJertions beyond reaeh of, 
incredible, ii., 162 
Historicfid, ii., 42|J * 
supreme cp-non of, ii^2^ • 
internal and externa I; ii , 424 
modes of external, ii., ^5 
•••“Transmitted by writing, ii., 42£ 
transnytted ori^y, ii., 4^ 

P^s AND Ideas, ii., 411, 415 
]^lacies, Ai’istotolian and Scholastic, 

, i.^276 

Whatolv’s division, i., 278 
Mill’s classincatrou of, ii.,J&69 
» a priorif ii., 369 ♦' • 

of observation, ^.,*^70 • 

of generalization, ii^ 321 * 

of rati^iuattoa, ii.7371 
of coftfusion, ii., 372, 386 
position of, ii., 878 
•extralogjoal, ii , 376 
, tendencies to, ii., 376 
logi8al, ii., 894 

bnowledg^e* ttf, aidj discovery IL 
in Politip8,*ii., 842 
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a sonrce of fallacy, ii., 3^2 * 

Feeling, two-sidfd, r., 2 « * 

^^eljngs, a ^ofiree of fallacy, ii., 870 
l^ver, definition Of, ii.} 861 
Figures, i.^ 186 » 

, relatiiM) va^nfo of, i., 146 , 

. reaso&for d^erent, i., 146* 
£Hgurmuidf(mis,fallaciaf Jt.t276 • 
Final Gailse, ii*i 18 
Food, an exanule of positi^aj defini- 
• tton, ii., 168,-. 

Force, definitlAi of, ii., 21 
chief predicbtes of, ii., 21 
^ Oonseiivation of, i., 21 
Form and Matter, i., 241 
^Fo^al Logic, tootoarro^v, i., 246 * 

rfause, ii.f 18 

thinking explained, i., 242* 

, •re^^res inductive verih cation^ i., 

Freedom <t)f 4he w£l,«i., 114, 891 
Functions of living bodies, ii., 261 
Function and Structure viewed sepa- 
rately, ii., 263 , ^ 

Oencr.^^ame, explained, i., 48 
Oena|:alit^, Nam(^ clarased according 
t ^*1 ^7 o I 

Ijiigher and loweV, i., 54 
aeg/^es oL in Notions, i., 64 
fixed grades^pf, in Botany, and in 
Zoology, i., 66 

degroes of, in Propositions, i., 78 
of •Proposition follows Notion, it, 
78 ^ . 

^ as c^^ifj^ing Fi^positiofii, i., 78 
as c basis # f Definitio^n, ii., ife 
Generalization^ identical with Fxpla- 
nation, li., 116 

the highest ambition of Science, 
ii.,«126 V 

'approximate, ii., 186 
fallacies of, if., 871 ' 

excessive tendency to, ii.,'378 • 

as an art of Discovery, ii., 40, 414 < 
Oeiius and species mot'eable names, 

• except in Natural History, i., 

. , ^ 65 4 

a predicable, i., 78 
Geonie^, netipj^s ofi ii,., 20^ * 

, < definitions of, ii., 2u4 
, nmbate notions of, ii., 206 
' Qxioms offSir, 208 
' postulates ef, ji., 209 
order of ^pics in, ii., 216 ^ 
proof of Euclid’s fourth proposition 
* in. ii., 217# * V 

Glf.riB|^ mst(4ices, ii., 40(>, 420 
GQverument, forms of, ii., S19, 323 


GovSmmonc, definili^ of, ii.M321 
functions of, ii.,*^|2 
local arid centrn., u., 82^ 
defines Public imd FrHate,ii>i42#;,. 
Grades o^oneralitj^greait im^rtauce**^ 

♦in classification, 188* , . 

Sta^ment of,*' ^rfited i j ^^overy oC ' 

® r ^ concomitance, il,, \S& * 

in Mineralogj^ ii., 298 
m P.otai1^„.ii., 804 
^in Zoologjg, ii.,‘8l2 
in pise^es, ii., 806 
Gravikj’, an example of iTypothesis,* 

• ii., 130 •• . * 

contradiction of, incredible, ii., 149 

Hamilton, ad^tioiis to syllogism, i., 
178 . 

. Quantification of Predicate, i., 178 
eyllogisif? in Comprehension criti- 
t cized, i., ^80 

Health-Disease, indefinable, ii., 34 * 

Hdat, generated bjr collision, ii., 23 
conservation of, ii., 24 * 

unprofitable dissipation of, ii., ^ 
definifion^, ii., 237 ^ ' 

heads of tne science of, ii., 237 
proposition^f, ii., 240 
8tru(!tura1, ^’ould be stated che- 
mical formulas, ii., 257 
Herschel, contributions to Induction, 

•V ii., 409 

History, •Philosophy of, ii., 318 
basis of Politics, ii., 831 « 

•perversions of, ii., 428 
Komonyr^iaf i., 275 * 

Hypothesis, various meanings of, ii./ 
128 ^ 
of known agenci^>s desiral;^®, ii., 129 
of a new agent ^rmissiblo, ii., 131 
08 a representative detion, ii., 182 
differs from ^o metrical abstrac- . 

f. tions, ii., 134 
analogies, ii., 147 
m Chofo^ptry, ii., 255 
in Biology,vu., 272 


in Psycho* ogy,. it, 285, 
iiV.Folitic8, S., W, 443 
* in,Medjcine,ik.303 
Hypothetical Inference, 116 

, t> 

Idea and Fac^s, ii., 4V1, 415 
Idoiitifioa4i6n of a Minoy, when oiffi* 
" ; 'pult, i., 2i8 ^ 

not an inductioh, li., 6, 98 
Identity, princijile of, i*,.16 
TdoUt Bacon’s, iil,«879* ^ ( 
lano^va RoiAo\ ii., 4S2 
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IgwyraH^elenchii k, 277/*!^ 37^,itd3 
[mmedi^ IttfeiftDC|g, i., 1(& 

by Ad^ed Dele^mants^ i., 109 
iallacief^f, ^ 

?F*yei»<J‘^fiJ?ropo8i^n8, i., 100 

Hobbes’s viewf i.|»yK) • f * 

not the jrefer^ce of somethfhg to 
^ a^lass, 1 , Wl - • 

ifloonoeivabilinr of tMl oppositt^ex-c 
plained, kf2S3 * * • 

' ft ^ejec^dasultinJhtet^tof truth 

Incredibility, inconsist^cT witH 
. prwedihiductions, ii., 149 * 

Index, to a cla8sificadon, ii., 19« • 

In Mineralogy, u., 800 • 
in Botany, ii., 308 
in Zoology, ii., 314 
in Diseases, ii., 367 
Individual, ouf idea of, a conflux of 
generalities, i., 7 • ^ * 

Induction, first principles o* i., 19 • 
explained, i., 40, ii., 1 • • 

would furnish Formal proc<^ses, J., 
252 • 

a branch of Logic, i... 253 
iniproperly so called, iU 3, 4 • 

V' cannot be brought unde# the syllo- 
gism, ii., 3 

a prerequisite of deduftion, ii.^ 95 
iu difference of subject, ii., 141 
postulate of, i., 272 . 

fallacies of, ii., 395 
growth of, ii., 403 * 

Inductive, Discovery, ii., 96 
Methods an aid to Discovery, ii.* 
418 • % 

^ Syllogism, ii., 3 • j 

Infimm species, i., 63 
Inflammation, 4deiiffiiion of, ii., 353 
Interpiixtute of Efliftts, ii., 80 
in Politics, ij*, 335 
, in Medicine, ii., ^pl 
Int^raational law, ii., 318 
Intuition, an alleged soprc^of knfw- 
ledge, i., 10 - 

Intuitive— sjihbolical, ii.,^2 • 

^Veiftion, how assist, di! ,*421 

• • • • • • 

Joi^T METHOD'K>f Agreement \ftid 
Difference, ii., fff* • 

^ caunteractivejbpruralifyoi causey 

» Politics, ii.^336 * i « • 
in Medicine, ii., 361 • 

an aid to Biscotrei^, ii.^ 418 • 

Judgment, formal, i.,243 
• as a synoiynv ^r nnoposition, i.f.fiO 
ts significance wifin Aristqtle, i., ^0 


JiyispAdeilco, ii.’, 318 

Knowl/d^e, the ac# o£,iincladd» afi 
ways two things, i., 3 • • 

conjbins Agreement^ and Difference, 

of tvim kinds, called ObjKt and 
, Subject, 

Individnnl or Concrete, £ftij General 
or Abstract, i.p5^ 22 
oij^n of in Expwience, i., 9^ • , 

limited by our SOTsibijltieSj V> * 
nature and classificatj^t^of, i., 21 
sbould be true, i., 22 ^ 

conveyed in propositions, i.* 44 • 

•relativity of appe^s in^anguage^ L, 

Kinds, i.,d63 * 

ftaei^lify co>inhering attributes, ji., 

IsANQUAOE, truths expreale(f in, i., 42 
fallacies of, ii., 386 

Law, confused meanings 245, 4i., 
^ *387 . 

metaphoriclll use in ‘JLiaws of Na- 
^ ture,* ii., J • ^ * • 

invflved in Govenftnent^ ii., 82d 
combined with Gbanpe, li., 89 / 

Laws of 2^ature, by preeminenca, iig 9 
Liberty, ii., 320 • • 

Life, definition of, ii., 218 
^igbt, nndulj^ry theory of, ii., 131 
eommutatlbn of not established. ii«, 
28 

productifm of, an ei^ample of ^Vgrec-** 
xnent, ii., 66 i» ^ ^ 

'definition and subsidiary notions of, 
^ Ji., 238 

luKbness and Unlikeness, common to 
Bubj^t and object experience, 

Loj-e, a source of fallaeg, ii., 862 

J)(ABGiN,^onbtful, in definition, ii., 16y* 
mathematicB, Logic of, ii., 199 •- 

the best exampll of a Deductive 
• Science, i-, 24^ ii., W 
notions of, ii., 200 
, propositions of, ii., 202 , 
dcfinitidbs of, ik, 2Cfl 
axionfS of, ii., 207 
leading branches of, ii.,^12 
Mdteria Medico j ^ , 

Methq^gxpresses parff oi the function 
dt Logic, i., 35 • 

auraid to Dkso very ^ii., 417 
Mind, su^tal^d of, i., ^2 
definitior^,OT, ii., 275 * 
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M%d, difficult to estimate cfeautity 
^ ^ in, 287 . ^ : 

Mind and B^dy,''ii., 127, 146, 276 
'vj^itatiralogy. Scope of, iii., ^2 
relations to CJiemistr^ ii., 29C 
arrangemenii of chafacters in, ij., 
• 293 ^ , . «. 

rnaxif^m of affinity in, ji., 294 
gradefl^K, ii., 298 

. .agreement smdk difference in, ii., 299 
index for, ii* 300 
Material Caiw^ ii.^ 18 
Malarial, na^s of, singular, i.^ 48 
Matter, as itewstance, i., 259 
r denneld by positive method, ii., 161 
by negative method, ii., 16^ « 

tfon^tituyon* o^ a hypothesis, ii., 
183 • • 

forc^. Inertia the same facLii.^ 926 
ph jhic^^ properties of, ii., 2^ 

M eehan^s, ii., 2^? • 

Medicine, s?5ope of, u., 846 • 

based on Biology, ii., M7 
definitionf'- of diseases in, ii., 851 
general diseases in, ii., 849, 855? •, 

specitic dis^^ases in, ii t 856 
propdsftions ol, ii., 868 
, e^erimental Methods in, ii , f-oO 
elimination pf eBance in, u., 862 
f^hetdeductive method in, ij., 862 
hyp«>the^6s in, ii., 368 
olassificatioti in, ii., 865 
Minor, identification of, not an in-, 
^ • duction, ii., 6 • # 

Mnenmnics, i., 147 
Modals, i., 99 ; ji,; 482 « % 

Molaf ^rc&, conservajtion of, ii., 22 
Molecular attractions, ii., 234 
Molecular forces, enumerated,*!^ 24 
Motion, laws of, reduced to one,*^., 
228 

Mona.'chy, example of positive defi- 
nition, #i., 167 

Moods, i., 138 f ^ • 

usual enumerations justified, i , 168 
Muscular Irritability and Putrefaction, 
an ijfduction,^i.. To 
Mystery, ij., 126 ^ « 

Name9, why considered at bi^ginning, 
of Logicf i., 46 ^ • 

’ iPefined, i., 46 ^ 

' denote things not ideas of things, i., 

< 4 /^ ^ ^ ' * 

variously claf^sified, i., 47 «. ^ , 

De Mor|an’s divisiojuijif, i.* 61 
go in couplet^ i., 64* f • ^ 


Kawes, loosely extended, ii.#172 
transitive application of, ijg^ 173 
cMss, 179 T% 0 
of ge^n^alities %hould^ shorts, ii*» 

hew, i^„l80^, 

, pr^autions in a'ti^propyiating old, 

11., 162 , € 

, em’essivo, ii., Io4 • • « ^ • 

•’dSerent, held to^imply different 
thijfgs, if„ 388 , . . 

improper <ise of, ii., 390 
ICaming. General,, value oh ii^ 171 
first^tequisite of, ii., 

« shcond requisite of, ii., 177 
Nature, explanation of, ii., 116 
ambiguity of the word, ii., 386 
Negation, varif usly expressed, i., 68 
Negative names, i., 55 
singular or plural, i8 67 

• of a ro^ property also real, i., 68 
NecessaryTruth, i., 14 

Necessity, meanings of — certainty, , 

• 920 

implicatidn, i., 221 ^ 

inconceivability of the opposite, 

* A-, 223 ^ m 

Nerve Force? conservation of, ii., 28 
Newton, contributions to Induction, 

„ ii., 40% 

Nomenclature, ii.. 182, 184 r 
of Chemistry, ii., 256 
Non causa pro causa, i., 277 
•Now seauitur, i., 277 
North ^East wind, an example of 
« Agreement, ii., 53 • 

No to wo to est not a rei ipsius, i., 166 
*Notatio», of Chemistry, ii., 257 , 

Notion and Proposition, not distin- 
guished by» Wieivell, ii., 412 
Notions, contrasted with Propositions, 

1., 61 » ,,, * 

disguised as propositions, i., 66 . 

of sinlhlar or plural constitution,^ 

r i,m , 

inde^|l)le, ultimate,.!!., 168 

Object, oiifiysis^of, i., 266 • • 

• attributed ^prcfal to, t., 269 
Ol^Sct-Subject,* high:jit mtil couple^ 

•g, iif 69 # •♦' 

grealhsthfaii’^MsHthases,!., 255 

• attributes common to, i., 267 # * 

Observation, cThynpth department of 

^ Logic, L 86 • 

• the basi^ of IndvictioB, ii./r4 

compared with Expericienh ii., 48 
ia Biology, ii.^ 270. ; . • 

Jn Politics, ii., 581 • 
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Olfeerw^on, erjp£cous, Causes ofj ii., 

/ fallaciesVf, • ** 

a^An art^* Disco^ry, ii.f 414 
5ppoBifi6t, of prwfositions, i., 92 • 
error in t omm(ff s^are,*!.* 94^ 
amended %quare,«i., 97 ^ • 

#OTistttle’s s-guitT#, 98 
Dbtersioif, ^forn^l, i , IQJ? § •* 

• material, i., Ill « " ^ 

Jrd^if^valimble aid to I)is#ove|y, ii.| 

3rder af^Pro'j:ress*, ii . 3^, ^40 • 

i)xy^bn,^fciiiplary description ii- 

. 249 V* • 

Parity of Reasoning, ii., 6 
Patliology, general, ii.f 349 
”er genus ei dijjerentiamf ii- 155, 166 
Persistence ofTForce, see Oonserva* 
tion. 

^etitio Principii, i., 277, ii-, 372, 39^ 
Physics, Molar, divisions* of, abstract 
and concrete, ii.,*222 • • 

motions of, ii., 222 ^ 

propositions of, ii., 224 
definitions of, ii., 22^^ * 

axioms of (la ws of motion), ii.. 2^ 
concatenation and metbod of, ii., 
^2 •• • 
Physics, Molecular, departments of> ii. 
233 

notions of, ii., 2.34 ^ 

propositions of, ii , 239 • 

^predominant methods of, ii., 242 
Plants and Animals contrasted, ii., 26^ 
Plato’s dialogues, how authenticated,* 

• ii., 42t) * 

Plurality of Causeg. ii , 16 * 

how far sulflect ^ uniformity, ii., 

* *16 .• ^ 
bearing of, otf the Experimental' 
Methous, ii , 7> • 

im Politics, ii , 335 - 

in Medicine, ii., 361 • * 

Plurium Iniej^ogationumj i f ^78 
Political Economjr, ii.^Sli * • 

Politics, two dgvisibn^ jff 317 
embraces^sevgral sci^imes, ii., «%• 
province of, 1^319 ^ ^ 

Descriptive, ii , 820^ * ♦ ^ • 

• Thebrcticol, defined, ii., 326 g 

propo8ition8«of, ii., ^28 
uhiversal prop^^thms of, ti.,*629 
limited prcmositionif of, ik, 838 • 
methods of, ii.,^3t • • 

experiment in, ii.J 383 ^ 

cansatioi in, ii., ^84 

^ mgeeksent inf ii., 335 ^ 


Pmlitics, Theoretical, ot^her cx^n* 
• nJfental raetho(lp in, ii., 836, • 
.dedueWve method il!,^i., 837®*— 
l^pothesG^in, i^, 839 • 
sunplifyi^ of, ii.f 340 . 

^ falkcious methods "in* ii.*342 • 

* Fractlbal, End in, if., 343 jTp 

Aased t)n Theoretical P^Ttics, ii., 
344 • 

origin of politi<Sil*devices in, iil, 
• 345 # • • 

Porphyry’s tree, ii., 432^ 

Positiv® names, i., 55 ^ • 

Post hoc ergo propter hoc, i.,^77* 
Postulate, the universal, i., 266 
!rt)teiftial energy, i^ 214 • • ^ ' 

an asnect of Collocatifti, ii.,*d4® 
PraAice, logic of, ii., 315 
^^faxkns of, iii Politics, ii., 
Predesignate, ii., 433 * 

Pi* dicablcs, i., 73s • • 
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